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No  science  is  more  generally  interesting  than  that  which 
explains  the  common  phenomena  of  life.  We  see  that  salt 
and  snow  are  both  white,  a rose  red,  leaves  green,  and  the 
violet  a deep  purple ; hut  how  few  persons  ever  ask  the  reason 
why!  We  know  that  a flute  produces  a musical  sound,  and  a 
cracked  bell  a discordant  one — that  fire  is  hot,  ice  cold,  and  a 
candle  luminous — that  water  boils  when  subjected  to  heat,  and 
freezes  from  cold;  hut  when  a child  looks  up  into  our  face 
and  asks  us  “why,” — how  many  times  is  it  silenced  with  a 
frown,  or  called  “very  foolish  for  asking  such  silly  questions!” 
The  object  of  the  present  hook  is  to  explain  above  2000  of 
these  questions  (which  are  often  more  easily  asked  than 
answered)  in  language  so  simple  that  a child  may  understand 
it,  yet  not  so  foolish  as  to  offend  the  scientific.  In  order  to 
secure  the  strictest  accuracy  in  the  answers,  the  most  approved 
modern  authors  have  been  consulted,  and  each  addition  has 
been  submitted  to  the  revision  of  gentlemen  of  acknowledged 
reputation  for  scientific  attainments.  Sincere  thanks  are  due  to 
the  Eev.  A.  Bath  Power,  m.a.,  f.c.s.,  of  Norwich,  and  to 
Pobert  James  Mann,  m.d.,  for  their  very  careful  revision 
of  the  sixth,  as  well  as  for  much  useful  information  in  some 
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of  the  former  editions;*  the  almost  unparalleled  success  of 
this  little  volume,  of  which  113000  copies  have  been  printed 
since  the  year  1848,  is  an  incontrovertible  proof  of  its  accept- 
ability. The  Author  has  spared  neither  labour  nor  expense 
to  render  his  “ Guide  to  the  Scientific  Knowledge  of  Things 
Familiar ,”  instructive  and  amusing  to  the  young,  as  well  as  to 
those  of  maturer  life. 

To  teachers  of  schools  it  may  be  advisable  to  state,  that,  as 
every  question  has  been  again  and  again  submitted  to  a most 
rigid  investigation,  no  alteration  of  the  text  will  be  made  in 
future  editions ; although  such  as  may  be  needful,  to  render  the 
book  most  generally  useful,  shall  be  given  by  annotations  from 
time  to  time,  as  subsequent  reprints  may  be  demanded. 

* Mr.  Simeon  Simons,  of  Cromer,  furnished  some  useful  hints 
for  the  second  edition : and  C.  Lloyd,  Esq.,  of  Oswestry,  Salop,  a 
judicious  revision  of  the  fifth  edition. 


A remarkable  instance  came  before  the  Author  some  time  since 
of  the  statement  made  in  the  early  part  of  this  preface.  The  con- 
versation was  about  smoke— why  it  was  black  and  not  white,  like 
the  fine  dust  of  lime.  A little  child  who  was  present,  asked 
Why  is  the  kettle  so  black  with  smoke  V 1 Her  papa  answered 
“Because  it  has  been  on  the  fire;”  “But,”  (urged  the  ehild) 
“ what  is  the  good  of  its  being  black !”  The  gentleman  replied, 
“ Silly  child — you  ask  very  foolish  questions — sit  down  and  hold 
your  tongue.”  He  might  have  read  pp.  206,  207, 208,  and  answered 
the  child  more  discreetly. 
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PART  1 


HEAT. 


INTRODUCTION. 

Q.  What  is  heat  ? 

A.  That  which  produces  the  sensa- 
tion of  warmth. 

Q.  How  is  this  sensation  produced  ? 

A.  Simply  by  an  exchange  of  tem- 
perature with  some  substance  warmer 
than  ourselves. 

Q.  What  is  the  “ stream  of  heat  ” from  the 
warmer  to  the  colder  substance  called  ? 

A.  Calo'ric.  Caloric,  therefore,  is 
the  agent,  which  produces  the  sensation 
of  warmth. 
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HEAT. 


Q.  What  is  the  principal  source  of  heat  ? 
A.  The  Sun. 

Q.  What  other  sources  of  heat  are  there  ? 
A.  Electricity  — Chemical  Action-1— 
and  Mechanical  Action. 

Q.  What  are  the  principal  effects  of  heat? 

A.  Expansion,  Liquefaction,  Vapo- 
rization, and  Ignition. 


CHAPTER  I. 


Q.  What  is  the  great  natural  source  of 
heat  ? 

A.  The  Sun. 

Q.  Why  do  burning  glasses  set  fire  to 
substances  submitted  to  their  power  ? 

A.  Because,  when  the  rays  of  the 
sun  pass  through  the  burning  glass,  they 
are  bent  toivards  one  point,  called  the 
“focus;”  in  consequence  of  which,  the 
light  and  heat  at  this  point  are  very 
greatly  increased. 


ELECTRICITY. 
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Q.  Do  the  rays  of  the  sun  evev  get  fire  to 
natural  substances , without  the  assistance  of  a 
burning  glass  ? 

A.  No : the  rays  of  the  sun,  even 
in  the  torrid  zone,  are  never  hot  enough 
to  kindle  natural  substances,  unless  con- 
centrated by  a burning  glass. 


CHAPTER  II. 


Q.  Name  a second  source  of  heat. 

A.  Electricity. 

Q.  How  is  electricity  most  commonly 
seen  in  nature  ? 

A.  As  lightning. 

Q.  What  is  LIGHTNING  ? 

A.  Lightning  is  accumulated  electricity 
discharged  from  the  clouds. 

Q.  How  many  different  kinds  of  lightning 
are  there  ? 

A.  As  there  are  two  kinds  of  elec- 


4 


ELECTRICITY. 


tricity,  so  there  axe  two  kinds  of  light- 
ning also. 

Q.  What  are  the  two  kinds  of  electricity 
called ? 

A.  The  Vitreous  and  Resinous; — 
sometimes  the  Positive  and  Negative. 

Q.  What  causes  the  discharge  of  an  elec- 
tric cloud  ? 

A.  One  kind  of  electricity  rushing 
from  a cloud,  to  unite  itself  with  the 
other  kind,  either  in  another  cloud,  or 
in  the  earth. 

Q.  What  takes  place  when  the  two  kinds  of 
electricity  meet  ? 

A.  They  neutralize  each  other. 

Q.  What  is  a thunder-storm  ? 

A.  The  disturbance  caused  in  the 
air,  when  successive  discharges  of  accu- 
mulated electricity  take  place. 

Q.  What  are  the  sources  of  the  electricity 
which  accumulates  in  the  clouds  ? 

A.  1st — Evaporation  from  the  earth  s 

surface ; 


LIGHTNING-. 
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Sndly — The  chemical  changes  which 
take  place  in  the  earth’s  surface,  and  in 
the  air;  and 

3rdly — Probably  friction  between  cur- 
rents of  air  of  unequal  temperature, 
passing  by  each  other. 

Q.  How  high  are  the  lightnihg  clouds 
from  the  earth  ? 

A.  Sometimes  they  are  elevated  4 or 
5 miles ; and  sometimes  actually  touch 
the  earth  with  one  of  their  edges : But 
they  are  rarely  discharged  in  a thunder 
storm,  when  more  than  700  yards  above 
the  surface  of  the  earth. 

Q.  How  do  such  objects  as  trees,  steeples, 
animals,  Sfc.,  help  the  discharge  of  electric  clouds  ? 

A.  They  reduce  the  distance  between 
the  electric  cloud  and  the  earth. 

Q.  Why  is  lightning  sometimes  foheed  ? 

A.  Because  the  flash  is  divided  by 
certain  terrestrial  objects  which  it  ap- 
proaches. 

Q.  Why  is  the  flash  sometimes  zig-zag? 

A.  Because  lightning  condenses  the 
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air  in  the  immediate  advance  of  its  path, 
and  flies  from  side  to  side,  in  order  to 
pass  where  there  is  the  least  resistance. 

Q.  When  is  the  flash  straight  ? 

A.  When  the  distance  through  which 
the  flash  has  to  pass  is  small,  so  that  the 
air  in  advance  of  its  path  is  not  sufficiently 
condensed,  to  cause  it  to  fly  from  side  to 
side. 

Q.  What  is  sheet  lightning  ? 

A.  The  light  of  a flash  reflected  in  the 
clouds,  when  the  flash  itself  is  concealed 
from  view. 

Q.  What  othee  form  does  lightning  occa- 
sionally assume  ? 

A.  It  sometimes  assumes  the  globular 
form,  and  sometimes  what  is  called  the 
brush  form. 

This  brush  discharge  is  what  is  called  “Castor  and  Pollux,”  or 
“ Elmos-fire.”  Dr.  Faraday  says,  it  is  a discharge  between  the  air 
and  some  conductor. 

The  cause  of  globular  lightning  is  not  known. 

Q.  Why  does  lightning  produce  a flash,  when 
it  passes  through  the  Aia  ? 


LIGHTNING. 
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A.  Because  the  air,  being  a non- 
conductor, cannot  convey  it  in  an  invisible 
form. 

Q.  Does  lightning  never  produce  a flash 
when  it  passes  through  a conductor? 

A.  No  : electricity  passes  through  all 
lonductors  in  a quiet  and  invisible  form. 

Q.  Why  does  lightning  sometimes  kill 
men  and  beasts  ? 

A.  Because  (when  the  electric  current 
passes  through  a man  or  beast)  it  pro- 
duces so  violent  an  action  upon  the  nerves, 
as  to  destroy  life. 

Q.  "When  is  a person  struck  dead  by 
lightning  ? 

A.  Only  when  his  body  forms  a part 
of  the  lightning’s  path;  i.e.,  when  the 
electric  fluid,  (in  its  way  to  the  earth) 
actually  passes  through  his  body. 

Q.  Why  are  animals  sometimes  HURT  by 
lightning,  and  not  killed  ? 

A.  Because  the  amount  of  electric 
fluid  which  passes  through  their  bodies, 
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is  enough  to  injure  them,  but  not  to 
destroy  life. 

Q.  What  is  thundeb  ? 

A.  The  noise  made  by  the  concussion 
of  the  air  when  it  closes  again,  after  it 
has  been  parted  by  the  lightning  flash. 

A part  of  the  noise  is  owing  to  certain  physical  and  chemical 
changes  produced  in  the  air  by  the  electric  fluid. 

Q.  Why  is  thundeb  sometimes  one  vast 
ceash  ? 

A.  Because  the  lightning-cloud  is 
near  the  earth,  so  that  all  the  vibrations 
of  the  air  (on  which  sound  depends) 
reach  the  ear  at  the  same  moment,  and 
seem  like  one  vast  sound. 

Q.  Why  is  the  peal  sometimes  an  ieeegu- 
LAB  broken  eoab  ? 

A.  Because  the  lightning- cloud  is  a 
long  way  off ; and  as  some  of  the  vibra- 
tions of  the  air  have  further  to  travel  than 
others,  they  reach  the  ear  at  different 
times,  and  produce  a continuous  sound. 


THUNDER. 
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Q.  Which  vibrations  will  be  soonest  heard  f 

A.  Those  produced  in  the  lowest  por- 
tions of  the  air. 

Q.  Why  will  those  vibrations  be  heard  eibst, 

which  are  made  last  ? 

A.  Because  the  flash  is  almost  in- 
stantaneous ; but  the  sound  takes  a 
whole  second  of  time  to  travel  880  yards. 

Q.  If  a thunder-cloud  were  1900  yards  off, 
how  long  would  the  peal  last  ? 

A.  Five  seconds : we  should  first  hear 
the  vibrations  produced  in  those  portions 
of  the  air  contiguous  to  the  earth;  then 
those  more  remote : and  it  would  be  five 
seconds  before  those  vibrations  reached 
us,  which  were  made  in  the  immediate 
vicinity  of  the  cloud. 


380  x 5 = 1900. 

This  illustration  supposes  the  lightning  to  flash  directly  from  the 
cloud  to  the  listener. 

Q.  Why  is  thunder  sometimes  like  a deep 
growl  ? 
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THUNDER. 


A.  Because  the  storm  is  far  distant 
and  the  sound  of  the  thunder  is  indistinct. 

Q.  How  is  the  sound  of  thunder  affected  by 
10 cal  circumstances  ? 

A.  The  flatter  the  country,  the  more 
unbroken  the  peal.  Mountains  serve  to 
break  the  peal,  and  make  it  harsh  and 
irregular. 

Q.  What  is  the  cause  o/1  rolling-  thunder  ? 

A:  The  echoes  of  the  peal  rever- 
berating amongst  masses  of  cloud  and 
terrestrial  objects. 

Q.  Why  is  a flash  of  lightning  generally 
followed  by  pouring  rain  ? 

A.  Because  it  produces  a change  in 
the  physical  condition  of  the  air,  rendering 
it  unable  to  hold  so  much  water  in 
solution  as  it  could  before ; in  conse- 
quence of  which,  a part  is  given  off  in 
heavy  rain. 

Q.  Why  is  a flash  of  lightning  generally 
followed  by  a gust  of  wind  ? 

A.  Because  the  physical  condition  of 


THUNDER-BOLTS. 
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the  air  is  disturbed  by  the  passage  of  the 
lightning,  and  wind  is  the  result  of  this 
disturbance. 

Q.  Why  is  there  no  thunder  to  what  is  called 

SUMMER  LIGHTNING  ? 

A.  Because  the  lightning-clouds  are 
so  far  distant,  that  the  sound  of  the 
thunder  is  lost,  before  it  reaches  the  ear. 

Q.  Do  thunder-bolts  ever  drop  from  the 
clouds  ? 

A.  No  : the  notion  of  thunder-bolts 
arises  from  the  glolular  form  which 
lightning  sometimes  assumes. 

Q.  Why  is  thunder  often  several  moments 

AETER  the  ELASH  ? 

A.  Because  it  has  a long  way  to  come. 
Lightning  travels  nearly  a million  times 
faster  than  thunder;  if,  therefore,  the 
thunder  has  a long  way  to  come,  it  will 
not  reach  the  earth  till  a considerable 
time  after  the  fash. 

Q.  Why  can  we  tell  the  distance  of  a thun- 
der cloud,  by  observing  the  interval  which  elapses 
between  the  flash  and  the  peal  f 
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A.  Because  the  flash  is  instantaneous  ; 
but  thunder  will  take  a whole  second  of 
time  to  travel  380  yards ; hence,  if  the 
flash  be  five  seconds  before  the  thunder, 
the  cloud  is  1900  yards  off. 

The  speed  of  lightning  is  so  great,  that  it  would  go  480  times 
round  the  earth  in  one  minute ; whereas  thunder  would  go  scarcely 
13  miles  in  the  same  space  of  time. 

Q.  What  places  are  most  dangerous  during 
a stoem  ? 

A.  It  is  very  dangerous  to  be  near  a 
tree,  or  lofty  building;  a river,  or  any 
running  water. 

Q.  Why  is  it  dangerous  to  be  near  a tree 
or  lofty  building,  during  a thunder-storm  ? 

A.  Because  a tall  object  (like  a tree 
or  spire)  will  frequently  discharge  a 
lightning-cloud ; and  if  any  one  were 
standing  near,  the  lightning  might 
diverge  from  the  tree,  and  pass  through 
the  fluids  of  his  body. 

Q.  Sow  can  a tree  or  spire  discharge  a 
lightning -cloud  t 

A.  A lightning- cloud  (floating  over 
a plain ) may  be  too  far  off  to  be  dis- 
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charged  by  it;  but  as  a tree  or  spire 
would  shorten  this  distance,  it  might  no 
longer  be  too  far  off  to  be  discharged. 

For  example — if  a lightning-cloud  were  700  yards  above  a con- 
ductor, it  would  be  too  far  ojftobe  discharged but  a tree  or  spire 
50  yards  high,  would  make  the  cloud  only  650  yards  off  a conductor ; 
in  consequence  of  which,  the  cloud  might  be  instantly  discharged . 

Q.  Why  ivould  lightning  fly  from  a tree  or 
spire,  into  a man  standing  near  ? 

A.  Because  the  electric  fluid  always 
chooses  for  its  path  the  best  conductors ; 
and,  if  the  human  fluids  proved  the 
better  conductor,  it  would  pass  through  a 
man  standing  near  the  tree,  rather  than 
down  the  tree  itself. 

There  would  be  no  danger  if  the  tree  or  spire  were  made  of  metal 
because  metal  is  a better  conductor  than  the  human  fluids. 

Q.  Does  lightning  go  through  the  inside , or 
down  the  outside  of  a tree? 

A.  It  runs  down  a tree  between  the 
bark  and  the  wood,  where  the  sap  is  most 
abundant. 

Q.  Why  does  lightning  take  its  course  be- 
tween the  lark  and  wood  of  a tree  ? 

A.  Because  it  makes  choice  of  the 
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best  conductors ; and  this  part  of  a tree 
is  best  suited  for  a conductor. 

Q.  Why  does  lightning  pass  through  the 
IKS  IDE  of  a man  ? 

A.  Because  the  fluids  of  the  human 
body  make  a better  conductor  than  the 
skin  ; therefore,  lightning  passes  through 
a man,  and  not  down  his  skin. 

Q.  Why  is  it  dak ge roes  to  he  near  water 
during  a thunder-storm  ? 

A.  Because  water  is  a good  con- 
ductor; and  lightning  always  takes  in 
its  course  the  best  conductors. 

Q.  Why  is  it  dangerous  for  a man  to  he 
KEAR  water,  in  a thunder-storm  ? 

A.  Because  the  height  of  a man  may 
be  sufficient  to  discharge  a cloud : and 
(if  there  were  no  tcdler  object  nigh)  the 
lightning  might  make  the  man  its  con- 
ductor to  the  water. 

See  the  first  note  on  p.  13. 

Q.  Why  is  it  dangerous  to  remain  in  a 
church-steeple,  during  a thunder-storm  ? 
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A.  Because  the  church  steeple  is  a 
tall  object,  and  composed  of  imperfect 
conductors. 

Q.  Are  iron  houses  dangerous  during  a 
storm  ? 

A.  No.  Because  the  metal  walls 
will  convey  the  electric  fluid  harmlessly 
to  the  ground. 

Q.  What  pabts  of  a building  should  be 
avoided  during  a thunder-storm  ? 

A.  Those  connected  with  the  roof  by 
a continuous  line  of  conducting  sub- 
stances, but  which  have  no  outlet  of 
conductors  downwards. 

Such  as  the  stove  with  its  column  of  ascending  smoke, 

Q.  Why  has  the  stove  no  outlet  of  conductors 
downwards  ? 

A.  Because  it  stands  upon  stone, 
and  is  embedded  in  bricks ; both  of 
which  are  non-conducting  substances. 

Q.  Would  lightning  leave  the  stove  and 
strike  a person  standing  near  it  ? 

A.  It  might,  if  by  this  means  a more 
direct  passage  were  offered  to  some 
conducting  substances. 
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Q.  When  does  lightning  pass  prom  the 
EARTH  to  the  CLOUDS  ? 

A.  One  kind  of  electricity  always 
passes  upivards  to  the  clouds,  whenever 
the  other  kind  passes  downwards  to  the 
earth. 

Q.  Which  kind  of  electricity  passes  down- 
wards ,from  the  clouds  to  the  earth  ? 

A.  Generally  the  vitreous,  but  occa- 
sionally the  resinous. 

Q.  Which  kind  of  electricity  passes  up- 
wards, from  the  earth  to  the  clouds  ? 

A.  Generally  the  resinous,  but  occa- 
sionally the  vitreous. 

Q.  Why  is  vitreous  electricity  so  called  ? 

A.  Because  it  was  first  procured  by 
rubbing  glass. 

Vitreous  is  a Latin  word,  meaning  “ of  the  nature  or  property  oi 
glass.” 

Q.  Why  is  resinous  electricity  so  called  ? 

A.  Because  it  was  first  procured  by 
rubbing  resinous  substances. 

Q.  Are  there  any  other  names  hy  which  the 
vitreous  and  resinous  electricities  are  also  kno  wn  ? 

A.  They  are  sometimes  called  posi- 
tive and  negative  electricities. 

So  called  by  Dr.  Franklin  and  his  disciples. 


FROM  LIGHTNING, 
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Q.  Why  were  the  terms  “positive”  and 
“negative”  employed  to  express  conditions  of 
electricity  ? 

A.  Because  the  early  electricians 
conceived  that  there  were  not  two  kinds, 
but  only  two  states  of  electricity ; the 
one  marked  by  a superabundance,  and 
the  other  by  a deficiency,  of  one  and 
the  same  fluid. 

Q.  Why  is  it  dangerous  to  lean  against  a 
wall  during  a thunder-storm  ? 

A.  Because  the  electric  fluid  will 
sometimes  run  down  a wall;  and  would 
leave  the  wall  to  run  down  the  man, 
because  he  is  a better  conductor. 

Q.  Why  is  it  dangerous  to  bin a-  a bell 
during  a thunder-storm  ? 

A.  Because  bell-wire  is  an  excellent 
conductor  ; and  the  electric  fluid,  passing 
down  the  wire,  might  run  through  our 
hand  and  injure  us. 

Q.  Why  would  the  lightning  run  through  a 
man  touching  a hell-handle  ? 

A.  Because  the  human  body  is  a 
better  conductor  than  the  wall  (between 
the  bell-handle  and  the  floor) ; and  as 

G 3 
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lightning  always  chooses  the  best  con- 
ductor for  its  path,  it  would  (in  this  case) 
pass  through  the  man,  and  injure  him. 

Q.  Why  is  it  dangerous  to  bar  a shutter 
during  a thunder-storm  ? 

A.  Because  the  iron  shutter-bar  is  an 
excellent  conductor  ; and  the  electric  fluid 
might  run  from  the  bar  through  the  person 
touching  it,  and  injure  him. 

Q.  Why  is  it  dangerous  to  he  in  a cro  wd 
during  a thunder-storm  ? 

A.  For  two  reasons:  1st — Because 
a mass  of  people  forms  a larger,  and  a 
better  conductor,  than  an  individual: 
and 

Sndly — Because  the  vapour  arising 
from  a crowd  increases  the  conducting 
power  of  the  air  above. 

Q.  Why  is  a mass  of  bodies  a letter  con- 
ductor than  a single  body  ? 

A.  As  each  living  body  is  a conductor 
of  electricity,  a connected  mass  of  people 
would  afford  a readier  passage  for  a 
larger  quantity  of  electricity,  than  a single 
individual 
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Q.  Why  is  danger  increased  by  the  vapour 
which  rises  from  a crowd? 

A.  Because  vapour  is  a conductor, 
and  would  lead  the  electricity  down 
towards  the  crowd. 

Q.  Why  is  a theatre  dangerous  during  a 
thunder-storm  ? 

A.  Because  the  crowd,  and  great 
vapour  arising  from  so  many  living 
bodies,  render  it  an  excellent  conductor 
of  lightning. 

Q..  Why  is  a flock  of  sheep  in  greater 
danger  than  a smaller  number  ? 

A.  1st — Because  each  sheep  is  a 
conductor  of  lightning,  and  the  conduct- 
ing power  of  the  flock,  is  increased  by  its 
numbers : and 

2ndly — The  vapour  arising  from  a 
flock  of  sheep  increases  the  conducting 
power  of  the  air  above. 

Q.  Why  is  a herd  of  cattle  in  danger  during 

a storm  ? 

A.  1st — Because  the  number  of  living 
bodies  increases  the  conducting  power  of 
their  animal  fluids : and 
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2ndly-— The  vapour  arising  from  a herd 
increases  its  conducting  power. 

Q.  If  a person  he  abroad  in  a thunder- 
storm, what  place  is  the  safest  ? 

A.  Any  place  about  20  or  30  feet 
from  some  tall  tree  or  building ; if  it  be 
not  near  to  running  water. 

Q.  Why  would  it  he  safe  to  stand  20  or  30 
feet  from  some  tall  tree,  in  a thunder-storm  ? 

A.  Because  the  lightning  would 
always  choose  the  tall  tree  as  a con- 
ductor ; and  we  should  not  he  sufficiently 
near  the  tree,  for  the  lightning  to  diverge 
from  it  to  us. 

Q.  If  a person  he  in  a cabotage  in  a 
thunder-storm,  in  what  way  can  he  travel  most 
BAJTELT  ? 

A.  He  should  not  lean  against  the 
carriage  ; but  sit  upright  without  touch- 
ing any  of  the  four  sides. 

Q.  Why  should  not  a person  lean  against 
the  carriage  in  a storm  ? 

A.  Because  the  electric  fluid  might 
run  down  the  sides  of  the  carriage  ; and 
(if  a person  were  leaning  against  them) 
would  make  choice  of  him  for  a conductor, 
and  perhaps  destroy  life. 
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Q.  Why  is  the  middle  of  a room  more  safe 
than  any  other  part  of  it,  in  a thunder-storm? 

A.  Because  the  lightning  (if  it  struck 
the  room  at  all)  would  come  down  the 
chimney  or  walls  of  the  room ; and 
therefore,  the  further  distant  from  these 
the  better. 

Q.  Why  is  a mattress,  bed,  or  hearth- 
re  g a security . to  a certain  extent , against  injury 
from  lightning? 

A.  Because  they  are  all  non-con- 
ductors ; and,  as  lightning  always  makes 
choice  of  the  best  conductors,  it  would  not 
choose  for  its  path-  such  things  as  these. 

Q.  Is  an  iron  bedstead  dangerous  in  a 
storm  ? 

A.  No  ; for  it  is  so  good  a conductor 
that  the  electricity  would  pass  down  it  in 
preference  to  the  animal  fluids. 

Q.  Is  a man  in  metal  armour  in  danger 
from  lightning  ? 

A.  No ; for  the  armour  is  so  good  a 
conductor  that  the  electricity  would  pass 
along  it  in  preference  to  the  fluids  of 
the  human  body. 
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Q.  Why  do  pieces  oe  metal,  such  as  Iceys, 
watches,  rings  and  brooches,  carried  about  the 
‘ person , increase  the  danger  from  lightning  ? 

A.  Because  they  offer  strong  induce- 
ment to  the  electricity  to  take  them  in  its 
path,  hut  do  not  extend  far  enough  to 
conduct  it  to  the  earth . 

Q.  Is  it  better  to  be  wet  or  dry  during  a 
storm  ? 

A.  To  he  wet : if  a person  he  in  any 
open  field,  the  best  thing  he  can  do,  is 
to  stand  about  20  feet  from  some  tree, 
and  get  completely  drenched  to  the  skin. 

Q.  Why  is  it  better  to  be  wet  than  dry  in 
a storm  ? 

A.  Because  wet  clothes  will  conduct 
the  discharge  harmlessly  over  the  surface 
of  the  body. 

Dr.  Franklin  found  that  he  could  not  destroy  a tvet  rat  hy  elec- 
tricity artificially  accumulated,  although  he  could  a dry  one. 

Q.  What  should  a feaeful  'person  do,  in 
order  to  he  most  secuee  in  a storm  ? 

A.  Draw  his  bedstead  into  the  middle 
of  his  room,  commit  himself  to  the  care 
of  God,  and  go  to  bed;  remembering 
that  our  Lord  has  said,  “ The  very  hairs 
of  your  head  are  all  numbered.” 
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N.  B.  No  great  danger  needs  really  to  be  apprehended  from  light- 
ning, if  you  avoid  taking  your  position  near  tall  trees,  spires,  or 
other  elevated  objects. 

Q.  What  is  a lightning-conductor  ? 

A.  A metal  rod  fixed  in  the  earth, 
running  up  the  whole  height  of  a build- 
ing, and  rising  in  a point  above  it. 

The  point  of  a conductor  should  rise  well  into  the  air,  and  be 
made  triangular,  like  a bayonet. 

Q.  What  metal  is  the  lest  for  this  purpose  ? 

A.  Copper. 

Q.  Why  is  copper  letter  than  iron  ? 

A.  1st — Because  it  is  a better  con- 
ductor than  iron,  and  therefore  not  so 
easily  fused  by  lightning : and 

2ndly — It  is  not  so  much  injured  by 
weather. 

N.  B.  Electricity  does  not  produce  heat  when  it  passes  through  a 
good  conductor ; heat  only  appears  when  the  free  passage  of  the 
electric  matter  is  obstructed. 

The  following  numbers  express  the  relative  value  of  several  kinds 
of  metal,  in  conducting  electricity  : 

Lead  1.,— Iron  2i. — Zinc  4. — Copper  12.  Copper  is,  therefore,  5 
times  better  as  a conductor  of  lightning  than  iron. 

Q.  What  is  the  use  of  a lightning-conductor? 

A.  It  furnishes  a path  for  the  passage 
of  lightning,  which  will  run  down  a metal 
rod  rather  than  the  walls  of  a building, 
because  metal  is  a better  conductor. 
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Q.  How  tab  does  the  beneficial  influence 
of  a lightning-conductor  extend? 

A.  This  has  not  been  accurately 
determined;  hut  one  conductor  will 
sufficiently  protect  a building  of  ordinary 
extent. 

Q.  Why  are  not  lightning-conductors  more 
generally  used  ? 

A.  Because  many  accidents  have 
arisen  from  conductors  of  defective 
construction. 

Q..  How  can  lightning-conductors  be  pro- 
ductive of  haem  ? 

A.  If  the  rod  he  broken  by  weather 
or  accident,  the  electric  fluid  (being 
obstructed  in  its  path)  may  damage  the 
building. 

Q.  If  the  rod  be  unbrolcen,  is  any  evil  to  be 
apprehended  from  it  ? 

A.  Not  if  the  rod  he  thick  enough  to 
conduct  the  whole  current  to  the  earth  : 
But  if  too  small  for  this  purpose,  the 
lightning  will  fuse  the  metal,  and  injure 
the  building. 

If  copper  be  employed,  the  diameter  of  the  rod  should  be  half  an 
Inch.  An  iron  rod  should  be  somewhat  thicker. 
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Q.  Sow  does  lightning  sometimes  knock 
down  houses  and  churches  ? 

A.  The  steeple,  or  chimney  is  first 
struck;  the  lightning  then  darts  to  the 
iron  bars  and  cramps,  employed  in  the 
building;  and  (as  it  darts  from  bar  to 
bar)  shatters  the  bricks  and  stones, 
which  oppose  its  progress. 

Q.  Tell  me  how  St.  Bride's  Church  ( London ) 
was  nearly  destroyed  by  lightning , about  100  years 
ago. 

A.  The  lightning  first  struck  the 
metal  vane  of  the  steeple,  and  ran  down 
the  rod ; it  then  darted  to  the  iron 
cramps,  employed  to  support  the  build- 
ing; and  (as  it  flew  from  bar  to  bar) 
smashed  the  stones  which  lay  between. 

Q.  Why  did  the  lightning  fly  about  from 
place  to  place , and  not  pass  down  in  a straight 
course  ? 

A.  Because  it  always  takes  in  its 
course  the  best  conductors ; and  will  fly 
both  right  and  left,  in  order  to  reach  them. 

Q.  Why  does  lightning  turn  milk  sour  ? 

A.  Because  it  produces  a disturbance 
in  the  electrical  condition  of  milk  which 
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causes  tlie  complex  organic  body  to  de- 
compose, and  consequently  to  turn  sour. 

Q.  Is  nitric  acid  ever  formed  in  the  air 
by  lightning  ? 

A.  Yes.  The  chemist,  Liebig,  found 
nitric  acid  in  17  specimens  of  rain-water, 
collected  immediately  after  thunder-storms : 
although  in  58  specimens,  collected  at 
other  times,  no  traces  could  he  found. 

Q.  What  is  nitric  acid  ? 

A.  The  gases,  nitrogen  and  oxygen, 
chemically  united  together,  in  the  pro- 
portions of  one  part  of  the  former  to 
five  parts  of  the  latter.  (N  05) 

Q.  Where  do  the  oxygen  and  nitrogen  come 
from , that  are  formed  into  nitric  acid  by  lightning  ? 

A.  The  air  itself  is  composed  of 
oxygen  and  nitrogen  mechanically  min- 
gled together.  The  passing  lightning 
has  the  power  of  making  a portion  of 
these  combine  chemically. 

Q.  What  is  the  difference  between  chemical 
union  and  mechanical  admixture  ? 
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A.  In  a chemical  union,  the  properties 
of  the  mingled  bodies  are  altered.  In  a 
mechanical  admixture,  they  are  not. 

Different  coloured  sands  shaken  together  in  a "bottle  mix  mechan- 
ically. "Water  poured  on  quick-lime  unites  with  it  chemically. 

Q.  Why  does  lightning,. turn  beeb  sour, 
although  contained  in  a close  cask  ? 

A.  Because,  if  beer  be  new  and 
the  process  of  fermentation  incomplete, 
lightning  so  accelerates  the  process,  as 
to  turn  the  sugar  into  acetic  acid  before 
it  has  passed  through  the  intermediate 
state  of  alcohol. 

Q.  Why  is  not  old  beeb  and  steong 
POBteb  made  soub  by  lightning  ? 

A.  Because  the  fermentation  is  more 
complete  ; and,  therefore,  is  less  affected 
by  electrical  influence. 

Q.  Why  is  metal  sometimes  bused  by 
lightning  ? 

A.  Because  the  surface  of  the  metal 
is  too  small  to  afford  a path  for  the 
electric  current. 

Q.  Why  does  lightning  puEirr  the  aib  ? 

A.  For  two  reasons:  1st — Because 
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the  electric  fluid  produces  nitric  acid 
in  its  passage  through  the  air ; and 

2ndly — Because  the  agitation  of  the 
storm  stirs  u L>  the  air. 

The  “nitric  acid”  is  produced  by  the  combination  of  some  por- 
tions of  the  oxygen  and  nitrogen  of  the  air.* 

Q.  How  does  the  production  of  nitric  acid 
PimiEY  the  air  ? 

A.  Nitric  acid  acts  very  powerfully  in 
destroying  the  exhalations,  which  arise  from 
putrid  vegetable  and  animal  matters. 

Q.  Why  is  lightning  more  common  in 
SUMMEE  and  autumn,  than  in  spring  and  winter  ? 

A.  Because  the  heat  of  summer  and 
autumn  produces  great  evaporation ; and 
the  conversion  of  water  into  vapour  always 
developes  electricity. 

Q.  Why  does  a thunder-storm  generally 
follow  very  dry  weather  ? 

A.  Because  dry  air  (being  a non- 
conductor) will  not  relieve  the  clouds  of 
then-  electricity ; so  the  fluid  accumulates, 
till  the  clouds  are  discharged  in  a storm. 

* The  oxygen  and  nitrogen  are  not  combined , hut  simply  mixed 
in  the  ordinary  air  ; but  lightning  causes  some  portions  of  the  mixed 
elements  to  combine . 
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Q.  Why  does  a thtjitder-stobm  rarely 
succeed  wet  weather  ? 

A.  Because  moist  air  or  falling  rain 
(being  a conductor)  carries  down  the 
electric  fluid  gradually  and  silently  to 
the  earth. 

Q.  Why  is  electricity  excited  by  fric- 
tion ? 

A.  Because  friction  disturbs  the 
equilibrium  of  the  two  fluids ; which 
remain  no  longer  quiescent,  but  separate 
from  each  other. 

When  this  disturbance  takes  place,  the  two  fluids  are  said  to  he 
in  “ a free  state.” 

Q.  Why  is  a tree  sometimes  scorched  by 
lightning,  as  if  it  had  been  set  on  fire  ? 

A.  Because  it  obstructed  the  course 
of  the  electric  fluid,  in  its  way  to  the 
earth ; and  when  electricity  is  obstructed 
in  its  path,  it  gives  out  great  heat. 

This  would  be  especially  the  case  in  old  knarled  oaks,  and  dry 
sapless  trunks,  which  would  be  but  very  imperfect  conductors. 

Q.  Why  is  the  bark  of  a tree  often  ripped 
quite  off  by  a flash  of  lightning  ? 

A.  Because  some  obstruction  is  offer- 
ed to  the  electric  fluid  in  its  passage  down 
the  tree,  and  the  bark  is  ripped  off  by  the 
mechanical  violence  of  the  resisted  flash. 
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Q.  Why  are  boughs  of  trees  broken  off 
by  lightning  ? 

A.  Because  the  mechanical  force  of 
lightning  is  very  great;  and,  as  the  houghs 
of  a tree  are  imperfect  conductors,  they 
will  often  be  broken  off  by  this  force. 

Q.  Why  is  an  electric  shock  felt  most  at 
the  el*bow- joint  ? 

A.  Because  the  path  of  the  fluid  is 
obstructed  by  the  joint : The  shock  (felt 
at  the  elbow)  is  caused  by  the  fluid 
leaping  from  one  bone  to  another. 

Q.  Is  electricity  accompanied  with  any 
odour  ? 

A.  Yes ; near  a large  electrical  ma- 
chine in  good  action,  there  is  always  a 
peculiar  odour,  resembling  sulphur  and 
phosphorus ; this  odour  is  called  “ Ozone.” 

Pronounce  o-zone,  in  two  syllables. 

Q.  Has  this  peculiar  odour , called  “ Ozone,” 
been  observed  in  thunder-storms  ? 

A.  Yes;  at  times  the  sulphurous  odour 
prevails,  and  sometimes  the  phosphoric. 

If  the  gaseous  body  disengaged  by  lightning,  reaches  us  in  a con- 
centrated  form the  odour  is  sulphurous  ; if  in  a diluted  form,  it  is 

PHOSPHORIC. 

Q.  What  are  ful'gurites  ? 

A.  Hollow  tubes  produced  in  sandy 
soils  by  the  action  of  lightning. 
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Q.  Sow  does  lightning  produce  fulgurites  ? 

A.  When  it  enters  the  earth,  it  fuses 
the  flinty  matter  of  the  soil  into  a vitreous 
(or  glassy)  substance,  called  a fulgurite. 

Q.  Sow  does  lightning  sometimes  affect  the 
character  of  iron  and  steel  ? 

A.  Bars  of  iron  and  steel  are  some- 
times rendered  magnetic  by  lightning. 

Q Give  an  instance  of  the  magnetic  effects 
of  lightning. 

A.  Sometimes  it  will  reverse  the  mag- 
netic needles  of  the  electric  telegraph, 
and  sometimes  destroy  their  magnetism 
altogether. 

Q.  What  is  meant  by  the  magnetic  needles 
being  reversed  ? 

A.  That  part  of  the  needle  which 
ought  to  point  towards  the  north,  is  made 
to  point  towards  the  south ; and  that  part 
which  ought  to  point  south,  is  made  to 
point  towards  the  north. 

Q.  Sow  does  lightning  act  upon  the  magnetic 
needles  of  the  electric  telegraph  ? 

A.  The  electric  fluid  is  conveyed 
along  the  conducting  wires  round  the 
telegraphic  needles. 
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CHAPTER  III. 

Q.  What  is  the  third  source  of  heat  ? 

A.  Chemical  Action. 

Q.  What  is  meant  by  chemical  action  being 
the  source  of  heat  ? 

A.  Many  things,  when  their  chemical 
constitution  is  changed,  (either  by  the  ab- 
straction of  some  of  their  gases,  or  by  the 
combination  of  others  not  before  united) 
evolve  heat,  while  the  change  is  going  on, 

Q.  Explain  by  illustration  what  you  mean. 

A,  Water  is  cold  and  sulphuric  acid  is 
cold;  hut  if  these  two  cold  liquids  be  mixed 
together,  they  will  produce  great  heat. 

Q.  Why  does  cold  watee,  poured  on  lime, 

produce  great  heat  ? 

A.  Because  the  water  unites  with 
the  lime ; and  becoming  solid,  gives  off 
that  heat,  which  was  necessary  to  retain 
it  in  a fluid  state. 

N.  B. — Heat  is  always  evolved , wlien  a fluid  is  converted  into  a 
solid  form.  Heat  is  always  absorbed^  when  a solid  is  changed  into 
a liquid  state. 

Q.  Where  does  the  heat  come  from  f 

A.  It  was  in  the  water  before ; bu' 
was  in  a latent  state. 


LATENT  HEAT. 
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Q.  TVas  there  heat  in  the  cold  water  and 
lime,  before  they  were  mixed  together  ? 

A.  Yes.  All  bodies  contain  heat; 
the  coldest  ice,  as  well  as  the  hottest  fire. 

Q.  Is  there  heat  even  in  ice  ? 

A.  Yes;  but  it  is  latent  (i.e.  not 
perceptible  to  our  senses). 

Latent,  from  the  Latin  word,  Lateo  (to  lie  hid) . 

Q.  Sow  do  you  know  there  is  heat , if  you 
cannot  perceive  it  ? 

A.  Thus:  if  a pound  of  ice,  32 
degrees  of  temperature,  be  melted  over 
a fire,  although  140  degrees  of  heat 
are  absorbed  by  the  process,  yet  the 
temperature  is  not  increased  in  the 
slightest  degree. 

The  melted  ice  will  still  be  32  ° and  not  172° . 

Q,  What  becomes  of  the  140°  of  heat  which 
went  into  the  ice  to  melt  it? 

A.  They  are  hidden  in  the  water; 
or  stored  up  in  a latent  state. 

Q.  How  much  heat  may  he  thus  secreted  or 
made  latent? 

A.  The  quantity  varies  in  different 
substances ; but  in  water , as  much  as 
1 140°  of  heat  may  remain  latent. 
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Q.  How  can  1140°  of  heat  he  added  to  water 
without  being  perceptible  to  our  feelings  ? 

A.  1st — 140°  of  heat  are  hidden  in 
water,  when  ice,  is  melted  by  the  sun  or 
fire : and 

2ndly — 1000°  more  are  secreted,  when 
water  is  converted  into  steam.  Thus, 
before  ice  is  converted  into  steam,  1140° 
of  heat  become  latent. 

Steam  is  no  hotter  than  coiling  water,  both  are  212  degrees. 
The  1000  degrees  of  -heat  referred  to  are  all  employed  in  holding 
the  steam  in  its  vapoury  or  gaseous  form,  just  as  the  140  degrees  of 
heat  absorbed  by  the  melted  ice  were  employed  in  holding  the  solid 
ice  in  the  liquid  form. 

Q.  How  can  we  be  made  to  feel  the  heat  of 
ice  or  snow  ? 

A.  Into  a pint  of  snow  put  half  as 
much  salt ; then  plunge  your  hands  into 
the  liquid;  and  it  will  feel  so  intensely 
cold,  that  the  snow  itself  will  seem  warm 
in  comparison  to  it  {see  p.  377 ). 

Q.  Is  salt  and  snow  really  colder  than 
snow? 

A.  Yes,  many  degrees ; and  by  dip- 
ping your  hands  into  the  mixture  first, 
and  into  snow  afterwards,  the  snow  will 
seem  to  be  comparatively  warm. 
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Q.  What  is  FIRE  ? 

A.  Heat  and  light,  produced  by  the 
combustion  of  inflammable  substances. 

Q.  Sow  is  heat  evolved  by  combustion  ? 

A.  By  chemical  action.  As  latent 
beat  is  liberated,  when  water  is  poured 
upon  lime,  by  chemical  action ; so  latent 
heat  is  liberated  in  combustion,  by  chem- 
ical action  also. 

Q.  What  chemical  action  takes  place  in 
combustion  ? 

A.  The  elements  of  the  fuel  separate 
from  each  other,  and  combine  with  the 
oxygen  o f the  air. 

Q.  What  are  the  elements  of fuel? 

A.  Carbon,  hydrogen,  and  oxygen, 
together  with  certain  mineral  substances 
found  in  the  ashes. 

Q.  What  are  the  elements  of  atmospheric 
air  ? 

A.  Oxygen  and  nitrogen,  mixed  toge- 
ther in  the  following  proportions  : — F our 
gallons  of  nitrogen  and  one  of  oxygen 
will  make  5 gallons  of  common  air. 

Air  contains  small  quantities  of  carbonic  acid  gas  and  ammonia, 
as  also  vapour  of  water. 

Q.  What  is  CAEBON  ? 
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A.  The  solid  part  of  fuel.  Carbon 
abounds  in  all  animal  bodies,  earths, 
and  in  some  minerals. 

Q.  Mention  some  different  species  of  carbon. 

A.  Common  charcoal,  lamp -black, 
coke,  and  the  diamond. 

Q.  What  is  hyueogen  ? 

A.  An  inflammable  gas.  The  gas 
used  in  our  streets  is  hydrogen  driven 
out  of  coals  by  heat. 

Coal  gas  (more  correctly  speaking)  is  carburetted  hydrogen,  i.e. 
carbon  and  hydrogen.  See  p.  293. 

Q.  What  are  the  characteristics  of  hydrogen 
gas  ? 

A.  1st — It  is  the  lightest  of  all  known 

substances : 

Sndly — It  will  burn  immediately  it  is 
ignited : and 

3rdly — A lighted  candle  (immersed  in 
it)  will  be  instantly  extinguished.* 

* Hydrogen  gas  may  be  made  thus  Put  some  pieces  of  zinc  or 
iron  filings  into  a glass ; pour  over  them  a little  sulphuric  acid 
(vitriol),  diluted  with  twice  the  quantity  of  water  ; then  cover  the 
glass  over  for  a few  minutes,  and  hydrogen  gas  will  be  given  off. 

EXPERIMENT*. 

If  a flame  be  put  into  the  glass,  an  explosion  will  be  made. 

If  the  experiment  be  tried  in  a phial,  which  has  a piece  of  tobacco- 
pipe  run  through  the  cork,  and  a light  held  for  a few  moments  to 
the  top  of  the  pipe,  flame  will  be  made. 

If  a balloon  be  held  over  the  phial,  (so  that  the  gas  can  inflate  it,) 
the  balloon  will  ascend  in  a very  few  minutes. 


OXYGEN, 


sr 


Q.  What  is  OXYGEN  ? 

A.  A gas,  much  heavier  than  hydro- 
gen ; it  gives  brilliancy  to  flame,  and  is 
essential  to  animal  life  * 

Q.  What  is  nitiiogen  ? 

A.  An  invisible  gas,  which  is  the 
principal  ingredient  of  common  air : it 

* Oxygen  gas  is  much  more  troublesome  to  make  than  hydrogen. 
The  cheapest  plan  is  to  put  a few  ounces  of  manganese  (called  the 
black  oxide  of  manganese)  into  an  iron  bottle,  furnished  with  a bent 
tube ; set  the  bottle  in  a fire  till  it  becomes  red  hot,  and  put  the  end 
of  the  tube  into  a pan  of  water.  In  a few  minutes,  bubbles  will  rise 
through  the  water  * these  bubbles  are  oxygen  gas. 

These  bubbles  may  be  collected  thus  : — Fill  a common  bottle  with 
water  : hold  it  inverted  over  the  bubbles  which  rise  through  the  pan, 
but  be  sure  the  mouth  of  the  bottle  be  held  in  the  water.  As  the 
bubbles  rise  into  the  bottle,  the  water  will  run  out ; and  when  all  the 
water  has  run  out,  the  bottle  is  full  of  gas.  Cork  the  bottle  while  the 
mouth  remains  under  water ; set  the  bottle  on  its  base;  cover  the 
cork  with  lard  or  wax,  and  the  gas  will  keep  till  wanted. 

N.  B. — The  quickest  way  of  making  oxygen  gas,  is  to  rub  together 
in  a mortar  half  an  ounce  of  oxide  of  copper,  and  half  an  ounce  of 
chlorate  of  potassa.  Put  the  mixture  into  a common  oil  flask,  fur- 
nished with  a cork  which  has  a bent  tube  thrust  through  it.  Heat 
the  bottom  of  the  flask  over  a candle  or  lamp  ; and  when  the  mixture 
3s  red  hot,  oxygen  gas  will  be  given  off.  Note — the  tube  must  be 
immersed  in  a pan  of  water,  and  the  gas  collected  as  before. 

(Chlorate  of  potassa  may  be  bought  at  any  chemist’s ; and  oxide 
of  copper  may  be  procured  by  heating  a sheet  of  copper  red  hot,  and 
when  cool,  striking  it  with  a hammer ; the  scales  that  peel  off,  are 
oxide  of  copper.) 

Exp.  Put  a piece  of  red-hot  charcoal  (fixed  to  a small  piece  of 
wire)  into  your  bottle  of  oxygen  gas ; and  it  will  throw  out  most 
dazzling  sparks  of  light. 

Blow  a candle  out ; and  while  the  wick  is  still  red,  hold  the  candle 
(by  a piece  of  wire)  in  the  bottle  of  oxygen  gas;  the  wick  will 
instantly  ignite,  and  burn  brilliantly, 

(Burning  sulphur  emits  a blue  flame,  when  immersed  in  oxygen 
fas.) 
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abounds  in  animal  substances  : The  fol- 
lowing are  its  characteristics : 

1.  It  will  not  burn ; 

3.  It  will  not  support  combustion ; and 

3.  An  animal  cannot  live  in  it. 

Nearly  4 gallons  out  of  every  5 of  common  air  are  nitrogen  gas.* 

Q.  Why  is  there  so  much  nitrogen  in  the  air  ? 

A.  In  order  to  dilute  the  oxygen. 
If  the  oxygen  were  not  thus  diluted, 
fires  would  bum  out  too  quickly,  and 
life  would  be  too  rapidly  exhausted. 

Q.  What  three  elements  are  employed  in 
making  a common  EIRE  ? 

A.  Hydrogen  gas,  carbon,  and  oxygen 
gas  : The  two  former  in  the  fuel;  and  the 
last  in  the  air  which  surrounds  the  fuel. 

Q.  W'kat  causes  the  combustion  of  the  fuel? 

A.  The  hydrogen  gas  of  the  fuel 
(being  set  free  and  excited  by  a match) 
unites  with  the  oxygen  of  the  air,  and 
makes  a yellow  flame;  this  flame  heats  the 

* Nitrogen  gas  may  easily  be  obtained  thus  : — Put  a piece  of  burn- 
ing phosphorus  on  a little  stand  in  a plate  of  water  : and  cover  a 
bell-glass  over  it.  (Be  sure  the  edge  of  the  glass  stands  in  the  water.) 
In  a few  minutes  the  oxygen  of  the  air  will  be  taken  up  by  the  burn- 
ing phosphorus ; and  the  nitrogen  alone  will  be  left  in  the  bell  glass. 

(N.B. — The  white  fume  which  will  arise  and  be  absorbed  by  the 
water  in  this  experiment,  is  phosphoric  acid ; i.  e.,  phosphorus  com- 
bined with  oxygen  of  the  ar  ) 
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carbon  of  the  fuel,  which  unites  with  more 
oxygen,  and  produces  carbonic  acid  gas. 

The  gas  of  the  fuel  is  carburetted  hydrogen.  The  flame  of  pure 
hydrogen  is  pale  blue — of  carburetted  hydrogen  yellow. 

Q.  What  is  CARBONIC  ACID  gas  ? 

A.  Carbon  (or  charcoal)  combined 
with  oxygen  gas. 

Q.  Why  does  dike  produce  heat  ? 

A.  Because  it  liberates  latent  heat 
from  the  air  and  fuel,  by  chemical  action. 

Q.  What  cjiemical  changes  in  air  and 
fuel  are  produced  by  combustion? 

A.  1st — Some  of  the  oxygen  of  the 
air,  combining  with  the  hydrogen  of  the 
fuel,  condenses  into  ivater : and 

2ndly — Some  of  the  oxygen  of  the  air, 
combining  with  the  carbon  of  the  fuel, 
forms  carbonic  acid  gas. 

Q.  Why  is  a eibe  ( after  it  has  been  long 
burning)  red  hot  P 

A.  Because  the  whole  surface  of  the 
coals  is  so  thoroughly  heated,  that  every 
part  of  it  is  undergoing  a rapid  union 
with  the  oxygen  of  the  air. 

Q.  In  a blazing  fire,  why  is  the  upper 
surface  of  the  coals  black,  and  the  lower 
surface  bed  ? 
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A.  Because  carbon  (being  solid)  re 
quires  a great  degree  of  heat  to  make 
it  unite  with  the  oxygen  of  the  air.  In 
consequence  of  which,  the  hot  under 
surface  of  coals  is  frequently  red  from  its 
union  with  oxygen,  while  the  cold  upper 
surface  remains  black. 

Q.  Which  hums  the  more  quickly , a blazing 
fire , or  a red-hot  one  ? 

A.  F uel  burns  quickest  in  a blazing  fire. 

Q.  Why  do  BLAZING  COALS  BURN  QUICKER 
than  red-hot  ones  ? 

A.  Because  the  inflammable  gases  of 
the  fuel  (which  are  then  escaping)  greatly 
assist  the  process  of  combustion. 

Q.  Why  do  the  coals  of  a clear  bright 
fire  burn  out  more  slowly , than  blazing  coals  ? 

A.  Because  most  of  the  inflammable 
gases,  and  much  of  the  solid  fuel,  have 
been  consumed  already ; so  that  there  is 
less  food  for  combustion. 

Q.  What  is  soot  ? 

A.  TJnconsumed  carbon  of  the  fuel  sep- 
arated from  the  solid  mass,  and  carried 
up  the  chimney  by  currents  of  hot  air. 

Q.  What  is  smoke  ? 
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A.  Unconsumed  volatile  matters,  sep- 
arated from  the  fuel,  and  carried  up  the 
chimney  by  currents  of  hot  air. 

This  volatfle  matter  consists  of  visible  vapour,  various  gaseous 
exhalations,  and  minute  pieces  of  carbon. 

Q Why  is  there  more  smoke  when  coals 
are  fresh  added,  than  when  they  are  red  hot  ? 

A.  Because  more,  carbon  and  volatile 
matters  are  separated  from  the  fuel  than 
can  be  reduced  by  combustion ; and  the 
surplus  flies  off  in  smoke. 

Q.  Why  is  there  so  little  smoke  with  a 
red-hot  fire  ? 

A.  Because  the  entire  surface  of  the 
coals  is  in  a state  of  combustion ; and,  as 
very  little  of  the  escaping  carbon  remains 
unconsumed,  there  is  but  little  smoke. 

Q.  Why  are  there  dark  and  brioht  spots 
in  a clear  cinder  fire  ? 

A.  Because  the  intensity  of  the  com- 
bustion is  greater  in  some  parts  of  the  fire, 
than  it  is  in  others. 

Q.  Why  is  the  intensity  of  combustion  in  a 
common  fire  so  unequal  ? 

A.  Because  air  flies  to  the  fire  in 
various  and  unequal  currents. 
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Q.  Why  do  we  see  all  sorts  of  grotesque 

EIGURES  in  hot  COALS  ? 

A.  Because  the  intensity  of  combus- 
tion is  unequal,  owing  to  the  gusty 
manner  in  which  the  air  flies  to  the 
fuel : And  the  various  shades  of  red, 
yellow,  and  white  heat  (mingling  with 
the  black  of  the  unburnt  coal,)  produce 
strange  and  fanciful  resemblances. 

Q.  Why  does  paper  burn  more  readily 
than  wood  ? 

A.  Because  it  is  of  a more  fragile 
texture;  and,  therefore,  its  component 
parts  are  more  easily  heated. 

Q.  Why  does  wood  burn  more  readily , 
than  coal? 

A.  Because  it  is  not  so  solid ; and, 
therefore,  its  elemental  parts  are  more 
easily  separated,  and  made  hot. 

Q.  When  a EIRE  is  lighted,  why  is  paper 
laid  at  the  bottom,  against  the  grate  ? 

A.  Because  paper  (in  consequence  of 
its  fragile  texture)  very  readily  catches  fire. 

Q.  Why  is  wood  laid  on  the  top  of  the  paper? 

A.  Because  wood  (being  more  sub- 
stantial) burns  longer  than  paper;  and, 
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therefore,  affords  a longer  contact  of 
■flame  to  heat  the  coals. 

Q.  Why  would  not  paper  do  without  wood ? 

A.  Because  paper  burns  out  so 
rapidly,  that  it  would  not  afford  sufficient 
contact  of  flame  to  heat  the  coals  to 
combustion. 

Q.  Why  will  not  wood  do  without  shavings , 

straw , or  paper  ? 

A.  Because  wood  is  too  substantial 
to  he  heated  into  combustion  by  the 
feeble  flame  issuing  from  a match. 

Q.  Why  would  not  the  paper  do  as  well , if 
placed  on  the  top  of  the  coals  ? 

A.  Because  every  blaze  tends  upwards  ; 
if,  therefore,  the  paper  were  placed  on  the 
top  of  the  coals,  its  blaze  would  afford  no 
contact  of  flame  to  the  fuel  lying  below. 

Q.  Why  should  coal  he  placed  above  the 
wood  f 

A.  Because  otherwise,  the  flame  from 
the  wood  would  not  rise  through  the  coal, 
to  heat  it. 

Q.  Why  is  a fire  kindled  at  the  lowest 
Bae  of  a grate  ? 

A.  That  the  flame  may  ascend  through 
the  fuel  to  heat  it.  If  the  fire  were 
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kindled  from  the  top,  the  flame  would 
not  come  in  contact  with  the  fuel  placed 
below. 

Q.  Why  does  coal  make  such  excellent 
fuel  ? 

A.  Because  it  contains  a large  amount 
of  carbon  and  hydrogen  gas,  in  a compact 
and  convenient  form. 

Q.  Why  will  cinders  become  bed  hot  more 
quickly  than  coals  ? 

A.  Because  they  are  sooner  reduced 
to  a state  of  combustion,  as  they  are 
more  porous  and  less  solid. 

Q.  Why  will  not  iron  cinders  lurn  ? 

A.  Because  the  carbon  and  hydrogen 
have  been  chiefly  consumed,  and  only  the 
incombustible  part  of  the  fuel  remains. 

Q.  Why  are  cinders  lighter  than  coai.s  ? 

A.  Because  they  are  full  of  little 
holes  or  pores ; from  which  gases,  and 
other  volatile  parts,  have  been  driven 
off  by  previous  combustion. 

Q.  Why  will  not  stones  do  for  fuel,  as  well 

as  COALS? 

A.  Because  they  contain  no  elements 
suitable  for  combustion : and  generally 
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the  substances  of  which  they  are  com- 
posed are  already  united  to  oxygen. 

Stones  contain  silex  (i.e.,  silicon  and  oxygen);  alumina  (i.e., 
aluminum  and  oxygen) ; and  lime  (i.e.,  calcium  and  oxygen).  Some 
rocks  contain  sulphur,  or  a little  carbon ; in  which  case  they  burn 
feebly. 

Q.  Why  will  not  wet  'kindling  light  a fire  ? 

A.  1st — Because  the  moisture  of  the 
wet  kindling  prevents  the  oxygen  of  the 
air  from  getting  to  the  fuel ; and 

Sndly — The  heat  of  the  fire  is  per- 
petually drawn  off,  by  the  conversion  of 
water  into  steam. 

Q.  Why  does  dry  wood  burn  better  than 
green  ? 

A.  1st — Because  none  of  its  heat  is 
carried  away  by  the  conversion  of  water 
into  steam;  and 

2ndly — The  pores  of  dry  wood  (being 
filled  with  air ) supply  the  fire  with  oxygen. 

Q.  Why  does  salt  crackle,  when  thrown 
into  a eire  ? 

A.  Salt  contains  water.  The  crack- 
ling of  burning  salt  is  owing  to  the 
bursting  of  the  crystals,  when  the  water 
is  converted  into  steam. 

Q.  Why  will  not  wood  or  paper  burn  if 
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steeped  in  a solution  of  potash,  phosphate  of 
lime  or  ammonia  (hartshorn ) ? 

A.  Because  any  “al'kali,”  (such  as 
potash)  will  arrest  the  hydrogen  which 
escapes  from  the  fuel,  and  prevent  its 
combination  with  the  oxygen  of  air. 

Q.  What  is  an  al'Jcali  ? 

A.  A substance  which  will  neutralize 
an  acid. 

Soda,  potash,  and  ammonia,  are  all  alkalis.  The  presence  of  an 
alkali  may  be  detected  thus ; — Vegetable  blues  will  be  turned  green 
by  it ; and  turmeric  paper  will  be  turned  brown  by  it. 

Q.  Why  does  a jet  of  elame  sometimes 
hurst  into  the  room  through  the  bars  oe  a stoye  ? 

A.  Because  the  iron  bars  conduct 
heat  to  the  interior  of  some  lump  of  coal ; 
and  its  volatile  gas  (bursting  through 
the  weakest  part)  is  kindled  by  the 
glowing  coals  over  which  it  passes. 

Q.  Does  the  jet  of  has  ever  escape  unburnt  ? 

A.  Yes.  If  the  gas  passes  at  once 
into  the  air,  or  over  coals  not  sufficiently 
heated  to  ignite  it. 

Q.  Why  does  a bluish  elame  sometimes 
flicker  on  the  surface  of  hot  cinders  ? 

A.  Because  the  gas  from  the  hot  coals 
at  the  bottom  of  the  grate , mixing  with 
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the  carbon  of  the  coals  above,  produces 
an  inflammable  gas  (called  carbonic 
oxide),  which  burns  with  a blue  flame. 

Q.  Why  is  the  flame  of  a fire  or  candle 

TELLOW  ? 

A.  The  flame  of  a fire  or  candle  is 
due  to  a gas  called  carburetted  hydrogen, 
which  burns  with  a ijelloiv  flame. 

Carburetted  hydrogen  is  a compound  of  carbon  and  hydrogen, 

Q.  What  is  LIGHT  ? 

A.  The  unknown  cause  of  visibility. 
The  most  usual  method  of  obtaining 
artificial  light  is  by  combustion  accom- 
panied with  flame. 

The  two  theories  of  light  most  usually  received  are  those  of 
Newton  and  Huyghens.  According  to  Sir  Isaac  Newton,  luminous 
particles  of  an  elastic  imponderable  fluid,  called  ether , dart  in  all 
directions  from  the  surface  of  light-giving  bodies  like  the  sun. 
Much  the  same  as  odour  from  a flower.  According  to  Huyghens, 
the  aforesaid  ether  is  merely"  a vehicle,  or  medium,  of  light,  just  as  air 
is  a medium  of  sound.  As  a sonorous  substance  communicates  its 
vibrations  to  the  atmosphere,  and  the  atmosphere  to  the  tympanum 
of  the  ear,  so  atoms  of  matter,  set  in  motion  by  heat,  communicate 
vibrations  to  the  luminous  ether,  and  the  luminous  ether,  impinging 
against  the  eye,  produces  there  a sensation  of  light. 

Such  arc  the  theories  of  Newton  and  Huyghens,  but  it  is  highly 
probable  that  ere  long  electricity  or  magnetism  will  be  found  to  be 
the  cause  of  light,  and  that  the  notion  of  a luminous  ether  will  be 
wholly  discarded. 

Q.  Does  ttgjit  always  produce  heat? 
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A.  No ; phosphorescent  bodies,  certain 
animals,  as  glow-worms,  also  wood,  meat, 
and  Ash,  in  a state  of  putrefaction,  produce 
light  unaccompanied  with  any  perceptible 
heat. 

The  same  may  be  said  of  some  chemical  phenomena,  as  in 
the  combustion  of  the  oxide  of  carbon  and  of  chlorine. 

Q.  Does  heat  always  produce  light  ? 

A.  No;  many  substances, particularly 
metals,  may  be  greatly  heated  without 
producing  light. 

Heat  is  by  no  means  always  proportionate  with  the  intensity 
of  light.  For  example  : the  dame  of  the  bicarbonate  of  hydrogen 
is  more  brilliant  than  that  of  pure  hydrogen,  but  the  heat  pro- 
duced from  the  latter  is  considerably  greater  than  that  which 
proceeds  from  the  former.  The  flame  which  produces  the  greatest 
degree  of  heat  is  that  which  results  from  the  ignition  of  one 
volume  of  oxygen  and  two  of  hydrogen,  nevertheless  this  flame 
is  scarcely  visible  in  daylight. 

Q.  Why  is  a yellow  elame  brighter  than 

a BED-HOT  COAL  ? 

A.  Because  yellow  rays  produce  the 
greatest  amount  of  light,  though  red  rays 
produce  the  greatest  amount  of  heat. 

Q.  Why  is  the  light  of  a fire  moee  in- 
tense sometimes  than  it  is  at  others  ? 

A.  The  intensity  of  fire-light  depends 
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upon  the  tvhiteness  to  which  the  carbon 
is,  reduced  by  combustion.  If  carbon 
be  white  hot,  its  combustion  is  perfect, 
and  the  light  intense ; if  not,  the  light 
is  obscured  by  smolce. 

Q.  Why  will  not  cindees  blaze,  as  well  as 
FKESH  coals  ? 

A.  The  fame  of  coals  is  caused  by 
the  burning  of  carburetted  hydrogen  gas. 
As  soon  as  this  gas  has  been  consumed, 
the  hot  cinders  produce  only  a gas,  called 
carbonic  acid,  which  is  not  combustible. 

Q.  Where  does  the  carburetted  hydrogen 
gas  of  a blazing  fire  come  from  ? 

A.  From  the  fuel,  which  is  composed 
of  carbon  and  hydrogen ; these  elements 
separate  from  each  other  during  the 
process  of  combustion,  and  form  into 
new  compounds.  (See  p.  35.) 

Fuel  which  will  not  blaze  (as  coke,  cinders,  charcoal,  &c  ),  is 
devoid  of  hydrogen  gas.  Yet  if  sulphur  be  present  in  any  fuel,  it 
will  blaze  to  some  extent. 

Q.  Why  do  coals  burn  out  faster  on  a 
FEOsty  nigiit,  than  upon  any  other  ? 

A.  1st — Because  air  condensed  by 
the  cold  contains  more  oxygen  than  the 
same  quantity  of  warmer  air;  and 


50 


CHEMICAL  ACTION. 


Sndly — Air  condensed  by  the  cold  is 
heavier  ; in  consequence  of  which,  it  falls 
more  quickly  on  the  fire,  to  supply  the 
place  of  hot  ascending  air. 

Q.  Why  does  a FIRE  hum  clearest  on  a 
frosty  night? 

A.  Because  the  volatile  gases  are  more 
quickly  consumed ; and  the  solid  carbon 
is  plentifully  supplied  with  oxygen  from  the 
air,  to  make  it  burn  brightly  and  intensely. 

Q.  Why  does  a fire  burn  more  intensely  in 
winter  than  in  summer  ? 

A.  Because  the  air  is  colder  in  winter, 
than  it  is  in  summer. 

Q.  Why  does  the  coldness  of  the  air 
increase  the  heat  of  a fire  ? 

A.  1st — Because  air  condensed  by 
the  cold  supplies  more  oxygen  than  a 
similar  volume  of  warmer  air  : and 

2ndly — Condensed  air,  being  heavy, 
falls  more  rapidly  into  the  place  of  the 
hot  ascending  air,  to  supply  the  fire  with 
nourishment. 

Q.  Why  does  the  sun,  shining  on  a fire, 
make  it  dull,  and  often  put  it  out  ? 

A.  1st  Because  the  air  (being 
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rarefied  by  the  sunshine)  fioivs  more 
sloivly  to  the  fire;  and 

2ndly — The  chemical  action  of  the 
sun’s  rays  is  detrimental  to  combustion. 

The  sun’s  rays  are  composed  of  three  parts ; lighting,  heating, 
and  actinic  or  chemical  rays.  The  two  latter  interfere  with  the 
process  of  combustion. 

Q.  Why  does  air  flow  to  the  fire  more 
tardily  for  being  rareeied  ? 

A.  Because  the  greater  the  contrast 
between  the  external  air,  and  that  which 
has  been  heated  hy  the  fire,  the  more  rapid 
will  be  the  current  of  air  towards  that  fire. 

Q.  Why  does  rarefied  air  afford  less  nour- 
ishment to  the  fire  than  cold  air  ? 

A.  Because  rarefied  air  contains  less 
oxygen,  than  the  same  bulk  of  condensed 
air. 

Inasmuch  as  the  same  quantity  of  oxygen  is  diffused  through  a 
larger  space. 

Q.  Why  does  a EIRE  burn  more  fiercely  in 
the  OPEK  air  ? 

A.  1st — Because  the  air  out-of-doors 
is  more  dense,  than  the  air  in-doors  ; and 

Sndly — It  has  freer  access  to  the  fire. 

Q.  Why  is  the  air  out-of-doors  more  dense 
than  that  in-doors  ? 

A.  Because  it  has  freer  circulation; 
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and,  as  soon  as  any  portion  has  been 
rarefied,  it  instantly  escapes,  and  is  sup- 
plied by  colder  currents. 

Q.  Why  does  not  a fiee  burn  so  freely  in 
a thaw,  as  in  a fbost  ? 

A Because  the  air  is  laden  with 
vapour;  in  consequence  of  which,  it 
both  moves  too  sloivly,  and  is  too  much 
rarefied  to  nourish  the  fire. 

Q.  Why  does  a fire  turn  very  fiercely  in 
windy  weather  ? 

A.  Because  the  air  is  rapidly  changed, 
and  affords  plentiful  nourishment  to  the 
fire. 

Q.  Why  does  a pair  of  bellows  get  a 
fire  up  ? 

A.  Because  it  drives  the  air  more  rapid- 
ly to  the  fire;  and  the  plentiful  supply  of 
Dxygcn  soon  makes  it  burn  intensely. 

Clarke’s  Patent  Blower  is  to  be  preferred,  because  it  produces  a 
continuous  blast. 

Q.  Why  is  the  flame  of  a candle  extin- 
guished, tvhen  blown  by  the  breath;  and  not 
made  more  intense , like  afire  ? 

A.  Because  the  flame  of  a candle  is 
confined  to  a very  small  ivick,  from  which 
it  is  severed  by  the  breath ; and  (being 
unsupported)  must  go  out. 
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Q.  Why  is  a smouldering  wick  sometimes 
ee-kindled  by  blowing  it  ? 

A.  Because  air  is  carried  to  it  by  the 
breath  with  great  rapidity  ; and  the  oxy- 
gen of  the  air  kindles  the  red-hot  wick, 
as  it  would  kindle  charred  wood. 

Q.  Why  is  not  the  red-hot  wide  kindled  by 
the  AIE  AROUND  it,  without  BLOWING  ? 

A.  Because  oxygen  is  not  supplied 
with  sufficient  freedom,  unless  air  be 
blown  to  the  wick. 

Q.  When  is  this  experiment  most  likely  to 
succeed  ? 

A.  In  frosty  weather;  because  the 
air  contains  more  oxygen,  when  it  is 
condensed  by  the  cold. 

Q.  Why  does  a poker,  laid  across  a dull 
EIRE,  revive  it  ? 

A.  For  two  reasons:  1st — Because 
the  poker  concentrates  the  heat,  and  throws 
it  on  the  fuel : and 

2ndly — Air  is  directed  between  the 
poker  and  the  coals,  and  a slight  draught 
created. 

Q.  Why  are  the  grates  of  modern  STOYES 
fixed  near  the  eloor  of  a room  t 
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A.  That  the  air  on  the  lower  part  of 
the  room  may  be  heated  by  the  fire. 

Q.  Is  not  the  air  of  the  lower  part  of  a room 
heated  equally  well , when  the  grates  are  fixed 
higher  up  ? 

A.  No ; the  heat  of  a fire  has  a very 
little  effect  upon  the  air  below  the  level  of 
the  grate;  and,  therefore,  every  grate 
should  be  as  near  to  the  floor  as  possible. 

Q.  Our  feet  are  very  frequently  cold, 
when  we  sit  close  by  a good  fire : explain  the 
reason  of  this. 

A.  Because  cold  air  rushes  through 
the  crevices  of  the  doors  and  windows 
along  the  bottom  of  the  room,  to  supply 
the  place  of  that  heated  by  the  fire  which 
ascends  with  the  smoke ; and  these 
currents  of  cold  air,  rushing  constantly 
over  our  feet,  deprive  them  of  warmth. 

Q.  If  a piece  of  paper  he  laid  fiat  on  a clear 

fire , it  will  not  blaze,  hut  char.  Why  so  ? 

A.  Because  the  carbon  of  a clear  fire, 
being  sufficiently  hot  to  unite  with  the 
oxygen  of  the  air,  produces  carbonic  acid 
gas,  which  soon  envelopes  the  paper  laid 
flat  upon  the  cinders : but  carbonic  acid 
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gas  will  neither  blaze,  nor  allow  combus- 
tible matter  surrounded  by  it  to  do  so. 

Q.  If  you  blow  the  paper,  or  open  the  door 
suddenly , it  will  blaze  immediately.  Why  so  ? 

A.  Because  the  carbonic  acid  is  dissi- 
pated, and  the  paper  fanned  into  flame. 

Q.  Why  does  water  extinguish  a fire  ? 

A.  1st — Because  it  forms  a coating 
over  the  fuel,  which  keeps  it  from  the 
air : and 

2ndly — The  conversion  of  water  into 
steam,  draws  off  the  heat  of  the  burning  fuel. 

Q.  A little  water  malces  afire  eiercer, 
while  a larger  quantity  of  water  puts  it  OUT : 
Explain  how  this  is. 

A.  A little  water  is  readily  converted 
into  steam,  which  increases  the  heat  of  a 
fire ; but  water  plentifully  supplied  is 
not  converted  into  steam,  and  stops 
combustion. 

Q.  When  the  coals  upon  a fire  are  small 
and  dusty,  why  are  they  sometimes  sprinkled 
with  water  ? 

A.  Because  water  makes  the  mass 
more  solid,  and  the  steam  assists  to  heat 
the  coals  into  perfect  combustion. 
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Q.  When  a house  is  on  fire,  is  too  little 
water  worse  than  none  ? 

A.  Certainly.  Unless  water  be  sup- 
plied so  plentifully  as  to  quench  the  fire , 
it  will  increase  its  intensity. 

Q.  When  will  water  extinguish  fiee  ? 

A.  When  the  supply  is  so  rapid  and 
abundant,  that  the  fire  cannot  convert 
it  into  steam. 

Q.  Does  not  a very  little  water  slacken 
the  heat  of  fire  ? 

A.  Yes,  till  it  is  converted  into  steam; 
it  then  increases  the  intensity  of  fire. 

Q.  Why  does  the  wick  of  a candle  ( when  the 

flame  has  been  blown  out ) very  readily  catch  fiee  ? 

A.  Because  it  is  already  hot,  and  a 
very  little  extra  heat  will  throw  it  into 
flame. 

Q Why  does  the  extea  heat  revive  the  flame  ? 

A.  Because  it  again  liberates  the 
hydrogen  of  the  tallow,  and  ignites  it. 

Q.  Cannot  wood  be  made  to  blaze  without 
actual  contact  with  fire  ? 

A.  Yes ; if  a piece  of  wood  he  held 
near  a fire  for  a little  time,  it  will  blaze, 
even  though  it  does  not  touch  it. 
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Q.  Why  will  wood  blaze,  even  if  it  does 
not  touch  Jire  ? 

A.  Because  the  heat  of  fire  drives 
out  the  hydrogen  gas  of  the  wood ; which 
gas  is  inflamed  by  the  fire. 

Q.  Why  will  a neighbour’s  house  some- 
times catch  EIRE,  though  no  flame  of  the  burning 
house  ever  touches  it  ? 

A.  Because  the  heat  of  the  burning 
house  sets  at  liberty  the  hydrogen  gas  of 
the  neighbouring  wood-work;  and  this 
gas  is  ignited  by  the  flames  or  red-hot 
bricks  of  the  house  on  fire. 

The  gas  referred  to  in  both  these  answers,  is  not  pure,  hut  impure 
(or  carburetted)  hydrogen. 

Q.  What  is  coke  ? 

A.  Coal  freed  from  its  volatile  gases, 
by  the  action  of  artificial  heat. 

Q.  Why  does  Arnott’s  stove  sometimes 
smell  very  strongly  of  sulphur  ? 

A.  Because  coke  contains  sulphur; 
and  whenever  the  draught  is  not  rapid 
enough  to  drive  the  sulphur  up  the  flue, 
it  is  emitted  into  the  room. 

Q.  What  is  meant  by  spontaneous  com- 
bustion ? 
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A.  Combustion  produced  without  the 
application  of  flame. 

Q.  Give  an  example  of  spontaneous  com- 
bustion. 

A.  Coals  stowed  in  the  hold  of  a ves- 
sel, and  goods  packed  in  a warehouse,  will 
often  catch  fire  of  themselves, — especially 
such  goods  as  cotton,  flax,  hemp,  rags,  &c. 

Q.  Why  do  such  goods  sometimes  catch 
FIEE  of  themselves  ? 

A.  Because  they  are  piled  together 
in  large  masses  in  a damp  state  or  place. 

Q.  Why  does  this  produce  spontaneous 
combustion  ? 

A.  Because  the  damp  produces  decay; 
and  the  great  heat  of  the  pilecl-up  mass 
makes  the  decaying  goods,  ferment. 

Q.  How  does  this  febmentation  produce 

COMBUSTION  ? 

A.  During  fermentation,  great  heat 
is  produced  by  chemical  action, — a slow 
combustion  ensues, — till  at  length  the 
whole  pile  bursts  into  flame. 

Q.  Why  is  the  heat  of  a laege  mass  of 
goods  GEEATEE  than  that  of  a smaller  quantity  ? 

A.  Because  the  heat  produced  cannot 
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escape  through  the  massive  pile ; it 
therefore  accumulates,  and  raises  the 
temperature  of  the  heap. 

Q.  Why  do  hay-stacks  sometimes  catch 
jtibe  of  themselves  ? 

A.  Either  because  the  hay  was  got 
up  damp ; or  else  because  rain  has 
penetrated  the  stack. 

Q.  Why  will  a hay-stack  catch  tube,  if 
the  hay  he  damp  ? 

A.  Because  damp  hay  soon  decays, 
and  undergoes  a state  of  fermentation, 
during  which  great  heat  is  produced, 
and  the  stack  catches  fire. 

Q.  Is  the  hay  in  a stack  injured  hy 
“heating,”  if  it  does  not  catch  eire  ? 

A.  Yes  ; it  is  frequently  charred  and 
turned  black ; which  renders  it  unfit  for 
use. 

Q.  If  a hay -stack  is  found  to  he  “heating” 
what  can  he  done  to  prevent  its  catching  fire , or 
spoiling  the  hay  ? 

A.  It  may  be  taken  down  and  re-formed 
into  a stack  after  it  has  been  further  dried : 
or  a chimney  may  he  formed  in  the  middle 
of  the  stack  to  carry  off  the  heat. 
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CHAPTER  IV. 
SMOKE. 


Q.  Why  does  smoke  ascend  a chimney  ? 

A.  Because  the  air  of  the  room  pass- 
ing over  the  fire,  becomes  lighter  for 
being  heated ; and  (being  thus  made 
lighter ) ascends  the  chimney,  carrying 
the  smoke  with  it. 

Q.  Why  does  lighter  heated  air  ascend  in 
a chimney  ? 

A.  Because  the  heavier  cold  air  in 
the  room  presses  it  up. 

Q.  What  determines  the  rapidity  or  strength 
of  the  draught  in  a chimney  ? 

A.  The  difference  of  weight  between 
the  cold  air  which  supplies  the  fire,  and 
the  hot  air  in  the  chimney  flue. 

Q.  Why  is  the  draught  of  a short  flue  more 
slack  than  that  of  a long  one? 

A.  Because  the  shorter  the  flue , the 
less  difference  of  weight  is  there  between 
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the  ascending  current,  and  the  air  which 
presses  it  up  the  chimney. 

If  chimneys  are  too  high,  in  comparison  with  the  size  of  the  fire, 
the  ascending  air  gets  cold  before  it  reaches  the  top : and  the 
draught  is  injured. 

Q.  Why  do  smoke  and  steam  assume  a 
wreathy  or  curly  form  ? 

A.  Because  they  are  pushed  round 
and  round  by  ascending  and  descending 
currents  of  air. 

Q.  What  are  blacks  ? 

A.  Smoke  condensed  into  flakes, 
which  fall  to  the  earth  by  their  own 
weight. 

Q.  Why  are  there  no  blacks  thrown  from 
the  funnel  of  a railway  engine  ? 

A.  Because  condensed  steam  alone 
escapes  from  the  railway  engine,  which 
is  dissolved  by  the  air. 

The  fuel  burnt  in  the  furnace  is  so  perfectly  consumed,  owing  to 
the  sharpness  of  the  draught,  that  very  little  deposit  of  soot  can 
take  place. 

The  black  deposit,  which  sometimes  annoys  the  railway  traveller, 
arises  from  water  thrown  through  the  chimney  of  the  locomotive, 
made  dirty  in  its  passage. 

Q.  Why  does  a “ ettris'ACE-eike”  draw  up 
more  fiercely  than  an  opek  stove  ? 

A.  Because  the  air,  which  sup- 
plies the  fire,  must  pass  through  the 
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furnace ; and,  as  it  becomes  exceedingly 
heated,  rushes  up  the  chimney  with  great 
violence. 

Q.  What  produces  the  roaring  noise  made 
by  a f tJBNACE  fire  ? 

A.  Air  rushing  rapidly  through  the 
crevices  of  the  iron  door,  and  up  the 
chimney  flue. 

Q.  Why  is  the  boab  less  if  the  furnace 
door  be  thrown  open  ? 

A.  Because  fresh  air  gets  access  to 
the  fire  more  easily  ; and,  as  the  air  is 
not  so  intensely  heated,  its  motion  is  not 
so  violent. 

Q.  Why  do  some  chimneys  smoke  ? 

A.  Because  fresh  air  is  not  admitted 
into  the  room  so  fast  as  it  is  consumed  hy 
the  fire ; in  consequence  of  which,  a cur- 
rent of  air  passes  down  the  chimney  to 
supply  the  deficiency,  driving  the  smoke 
along  with  it. 

Q.  What  things  would  prevent  air  from  being 
supplied  as  fast  as  it  is  consumed  by  the  fire? 

A.  Leather  and  curtains  round  the 
doors;  sand-bags  at  the  threshold  and 
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on  the  window  frames ; and  other  con- 
trivances to  keep  out  the  draught. 

Q.  Why  will  the  air  come  down  the  chimney  ? 

A.  Because  it  can  get  to  the  fire  in 
no  other  way,  if  the  doors  and  windows 
are  all  made  air-tight. 

Q.  What  is  the  best  remedy  in  such  a case  ? 

A.  The  speediest  remedy  is  to  open 
the  door  or  window ; but  by  far  the  best 
remedy  is  to  carry  a small  tube  from  the 
hearth  into  the  external  air. 

Q.  Why  is  that  the  best  remedy  ? 

A.  Because  the  fire  will  be  plenti- 
fully supplied  with  air  by  the  tube : the 
doors  and  windows  may  all  remain  air- 
tight ; and  we  may  enjoy  a warm  fire-side, 
without  the  inconvenience  of  draughts 
and  cold  feet. 

Q.  Why  is  a chimney  raised  so  high  above 
the  hoof  ? 

A.  That  it  may  not  smoke;  as  all 
funnels  do,  which  are  too  short. 

Q.  What  is  meant  ly  the  funnel  or  flues 
of  a chimney  ? 

A.  That  part  of  a chimney  through 
which  the  smoke  passes. 
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Q.  Why  does  a chimney  smoke,  if  the 
funnel  he  very  short  ? 

A.  Because  the  draught  of  a short 
flue  is  too  slack  to  carry  the  smoke  up 
the  chimney. 

Q.  On  what  does  the  intensity  of  fire  depend? 

A.  The  intensity  of  fire  is  always 
in  proportion  to  the  quantity  of  oxygen 
with  which  it  is  supplied. 

Q.  Does  the  draught  of  a chimney  depend 
on  the  speed  of  the  smoke  through  the  flue? 

A.  Yes.  The  more  quickly  hot  air 
flies  up  a chimney,  the  more  quickly  cold 
air  will  rush  toioards  the  fire  to  supply 
its  place ; and,  therefore,  the  longer  the 
fine,  the  greater  the  draught . 

Q.  Why  are  the  chimneys  of  manufac- 
tories made  so  very  long-  ? 

A.  To  increase  the  intensity  of  the  fire. 

Another  reason  for  this  arrangement  is  to  prevent  the  annoyance 
caused  by  the  smoke  and  unwholesome  gases,  when  they  escape  too 
near  to  inhabited  dwellings. 

Q.  Why  is  the  intensity  of  a fire  in- 
creased by  lengthening  a elue  ? 

A.  Because  the  draught  being  greater, 
more  fuel  is  consumed  in  the  same  time; 
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and,  of  course,  the  intensity  of  the  heat 
is  proportionally  greater. 

Q.  If  a short  chimney  cannot  be  length- 
ened, what  is  the  best  remedy  to  prevent  smoking? 

A.  To  contract  the  opening  of  the 
chimney  contiguous  to  the  stove. 

Q.  Why  will  a smaller  opening  above 
the  stove,  prevent  a chimney's  smoking  ? 

A.  Because  the  air  will  be  compelled 
to  pass  nearer  the  fire ; and  (being  more 
heated ) will  rise  through  the  chimney 
more  rapidly : This  increase  of  heat  will, 
therefore,  compensate  for  the  shortness 
of  the  flue. 

Q.  Why  will  a room  smoke,  if  there  be 

TWO  FIRES  IN  IT  ? 

A.  Because  the  fiercer  fire  will  exhaust 
the  most  air;  and  may  draw  from  the 
smaller  one,  to  supply  its  demand. 

This  inconvenience  does  not  arise  in  large  rooms,  with  fire  pro- 
perly adjusted. 

Q.  Why  will  a chimney  smoke,  if  there  he  a 
jive  in  two  booms  communicating  with  each  other? 

A.  Because  (whenever  the  door  be- 
tween the  two  rooms  is  opened ) air  will 
rush  from  the  chimney  of  the  inferior 
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fire  to  supply  the  other ; and  both  rooms 
will  be  filled  with  smoke. 

Q.  What  is  the  best  remedy  in  this  case  ? 

A.  To  carry  a tube  from  the  hearth 
of  each  stove  into  the  external  air;  and 
then  each  fire  will  be  so  well  supplied, 
that  neither  will  need  to  borrow  from  the 
other. 

Q.  Why  do  ye  s try  chimneys  so  often  smoke  ? 

A.  Because  the  wind  (striking  against 
the  steeple)  is  reflected  hack;  and, rushing 
down  the  vestry  chimney,  forces  the 
smoke  into  the  room. 

Q.  What  winds  make  vestry  chimneys  smoke? 

A Those  from  the  north-east  or 
south-east ; according  to  the  position  of 
the  vestry. 

Q.  Why  will  east  winds  make  vestries 
smoke,  more  than  west  winds  ? 

A.  Because  east  winds  strike  against 
the  steeple,  and  bound  bach  again  to  the 
vestry  chimney : but  west  winds  cannot 
rebound  over  the  roof  of  a church. 

N.B.  The  steeple  of  a church  is  always  due  west , and  the  other 
end  of  the  church  due  east ; if,  therefore,  a west  wind  were  to  re- 
hound, it  would  rebound  to  the  west , (or  away  f-  cm  the  church} 
and  not  towards  it. 


SMOKY  CHIMNEYS. — COWLS. 


67 


Q.  Why  does  a house  in  a Y alley  very 
often  smoke  ? 

A.  Because  the  wind  (striking  against 
the  surrounding  hills)  bounds  back  again 
upon  the  chimney,  and  destroys  its  draught. 

Q.  What  is  the  common  bemedt  in  loth 
these  cases  ? 

A.  To  fix  a cowl  on  the  chimney- top, 
to  turn  like  a weather-cock,  and  present 
its  back  to  the  wind. 

Q.  Why  will  not  a cowl  always  peevent 
a chimney  smoking  ? 

A.  Because  a strong  wind  will  keep 
the  opening  of  the  cowl  towards  the  steeple 
or  hill ; and  then  the  reflected  wind  will 
blow  into  the  cowl  and  down  the  chimney. 

Q.  As  a cowl  is  such  a poor  remedy , what 
other  can  he  suggested  ? 

A.  If  the  chimney-flue  can  he  carried 
higher  than  the  steeple  or  hills,  no  wind 
can  enter  the  flue. 

Q.  If  a chimney-flue  he  carried  up  higher 
than  the  steeple  or  hill , why  cannot  the  wind 
enter  it  ? 

A.  Because  the  reflected  wind  would 
strike  against  the  sides  of  the  chimney- 
flue,,  and  not  pass  over  its  opening  at  all. 
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Q.  In  what  other  cases  will  a chimney 
smoke  ? 

A.  If  the  door  and  stove  are  both 
placed  on  the,  same  side  of  a room,  the 
chimney  will  often  smoke. 

Q.  Why  will  a chimney  smoke,  if  the 
DOOR  and  stove  are  both  on  the  same  side  ? 

A.  Because  (whenever  the  door  is 
opened)  a current  of  air  will  blow  obliquely 
into  the  chimney -place,  and  drive  the 
smoke  into  the  room. 

Q.  What  remedy  can  he  applied  to  this  evil? 

A.  The  door  must  be  set  opposite  to 
the  chimney-place,  or  nearly  so ; and 
then  the  draught  from  the  door  will  blow 
the  smoke  up  the  chimney,  and  not  into 
the  room. 

Q.  Why  will  a chimney  smoke  if  it  needs 

SWEEPING  ? 

A.  Because  loose  soot  obstructs  the 
free  passage  of  the  smoke,  checks  the 
current,  and  prevents  the  draught. 

Q.  Why  will  a chimney  smoke  if  it  he 

OUT  OE  REPAIR  ? 

A.  1st — Because  the  loose  mortar  and 
bricks  obstruct  the  smoke  : and 

Sndly — Gold  air  (oozing  through  the 
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chinks)  chills  the  air  in  the  chimneys,  and 
prevents  its  ascent. 

Q.  Why  will  an  Aenott’s  stove  smoke, 
if  the  joints  of  the  flue  do  not  fit  air-tight  ? 

A.  Because  cold  air  (oozing  through 
the  joints)  chills  the  air  in  the  flue,  and 
prevents  its  ascent. 

Q.  Why  does  an  old-fashioned  earm  chim- 
ney-place generally  smoke  ? 

A.  Because  the  opening  is  so  very 
large,  that  much  of  the  air  which  goes 
up  the  chimney,  has  never  passed  near 
the  fire ; and  this  cold  air  (mixing  with 
the  hot)  so  reduces  its  temperature,  that 
it  ascends  very  slowly,  and  the  draught 
is  destroyed. 

Q.  Why  does  a chimney  smoke  if  the 
DRAUGHT  he  SLACK? 

A.  Because  the  current  of  air  up  the 
chimney  is  not  powerful  enough  to  buoy 
up  the  smoke  through  the  flue. 

Q.  If  the  opening  of  a chimney  he  too 
large,  what  remedy  can  he  applied? 

A.  The  chimney-place  must  be  con- 
tracted. 
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Q.  Why  will  contracting  the  chimney- 

place  PREVENT  its  SMOKING  ? 

A.  Because  the  air  will  then  pass 
nearer  the  fire ; and  (being  more  heated ) 
fly  faster  up  the  chimney. 

Q.  Why  do  almost  all  chimneys  smoke  in 
GUSTY  weather  ? 

A.  Because  the  column  of  smoke  is 
suddenly  chilled  by  the  wind,  and  (being 
unable  to  ascend)  rushes  back  into  the 
room. 

Q.  What  is  the  use  of  a chimney-pot  ? 

A.  To  increase  the  draught,  when 
the  opening  of  a chimney  is  too  large. 

Q.  How  does  a chimney-pot  increase  the 
draught  of  a chimney? 

A.  1st — By  diminishing  the  aperture 
of  the  funnel,  and  thus  preventing  cold 
air  from  entering  the  chimney  to  chill 
the  warm  ascending  air : and 

Sndly — By  lengthening  the  flue,  and 
increasing  the  draught. 

Q.  Why  do  tin-blowers  help  to  get  a 
lire  up  ? 

A.  Because  they  compel  the  air  to 
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go  through  the  fire,  and  not  over  it ; in 
consequence  of  which,  the  fire  is  well 
supplied  with  oxygen,  and  the  draught 
greatly  increased. 

Q.  Why  does  a blower  increase  the 

DRAUGHT  ? 

A.  Because  it  compels  the  air  to  pass 
through  the  fire;  and,  being  made  much 
hotter,  it  ascends  the  chimney  more 
rapidly. 

Q.  Why  is  afire  better  supplied  with  oxygen 
while  the  blower  hangs  before  it ! 

A.  Because  the  draught  is  increased ; 
and  the  faster  the  hot  air  flies  up  the 
chimney,  the  faster  will  cold  air  rush 
towards  the  fire,  to  supply  it  with  oxygen. 

Q.  Why  does  a parlour  often  smell  dis- 
agreeably of  soot  in  summer  time  ? 

A.  Because  the  air  in  the  chimney 
(being  colder  than  the  air  in  the  parlour ) 
descends  into  the  room,  and  leaves  a 
disagreeable  smell  of  soot  behind. 

Q.  Why  are  the  ceilings  oe  public 
OFEices  generally  black  and  filthy  ? 

A.  Because  the  heated  air  of  the  office 
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carries  up  the  dust  and  fine  soot ; which 
is  deposited  on  the  ceiling. 

Q.  Why  are  some  parts  of  the  ceiling 
blacker  and  more  filthy  than  others ? 

A.  Because  the  ceiling,  by  the  drying 
of  the  plaster,  becomes  uneven,  and  the 
currents  of  air  which  pass  over  it,  deposit 
the  dust  or  fine  soot  on  the  more  promi- 
nent parts. 

Q.  What  is  charcoal  ? 

A.  Wood  which  has  been  exposed  to 
a red  heat,  till  it  has  been  deprived  of  all 
its  gases  and  volatile  parts. 

Q.  Why  is  a charcoal  sire  hotter  than  a 
wood  fire  ? 

A.  Because  charcoal  is  nearly  pure 
carbon,  while  wood  contains  other  ele- 
ments ; and,  as  it  is  the  carbon  of  fuel 
which  produces  the  glowing  heat  of  com- 
bustion, therefore,  the  purer  the  carbon, 
the  more  intense  will  the  heat  of  a fire 
he. 

Q.  Why  does  charcoal  remove  the  taint 
of  meat  ? 

A.  Because  it  absorbs  all  putrescent 
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effluvia,  whether  they  arise  from  animal 
or  vegetable  matter. 

Q.  Why  is  water  purified  ly  being 
■filtered  through  charcoal  ? 

A.  Because  charcoal  absorbs  the  im- 
purities of  water,  and  removes  all  dis- 
agreeable tastes  and  smells,  whether  they 
arise  from  animal  or  vegetable  matter. 

Q.  Why  are  water  and  wine  casks  charred 
ins  ide  ? 

A.  Because  charring  the  inside  of  a 
cask  reduces-  it  to  a kind  of  charcoal; 
and  charcoal  (by  absorbing  animal  and 
vegetable  impurities)  keeps  the  liquor 
sweet  and  good. 

Q.  Why  does  a piece  of  burnt  bread  make 

impure  water  more  fit  to  drink  ? 

A.-  Because  the  surface  of  the  bread 
(which  has  been  reduced  to  charcoal  by 
being  burnt)  corrects  the  impurities  of 
the  water,  and  makes  it  palatable. 

Q.  Why  should  toast  and  water,  placed 
ly  the  side  of  the  sick,  be  made  of  news  bread? 

A.  Because  the  charcoal  surface  of 
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burnt  bread  prevents  the  water  from 
affected 
sick  room. 

Q.  Why  are  timbers,  which  are  to  he 
exposed  to  damp,  charred  ? 

A.  Because  charcoal  undergoes  no 
change  by  exposure  to  air  and  water : in 
consequence  of  which,  timber  will  resist 
weather  much  longer , after  it  has  been 
charred. 

Q.  Why  are  POSTS,  which  are  fixed  in  the 
ground,  charred  ? 

A.  Because  charred  wood  resists 
decay,  (which  would  otherwise  affect  the 
part  underground,)  from  the  moisture  of 
the  earth. 

Q.  What  precaution  is  necessary  in  char- 
ring posts  ? 

A.  To  continue  the  “ charring”  be- 
yond the  part  buried  in  the  ground; 
lest  the  post  should  decay  at  the  base, 
from  rain  aad  other  moisture  on  the 
earth’s  surface. 

Tut;  post  should  be  cl  a ' / ad  to  about  one  foot  above  the  ground. 
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CHAPTER  Y. 


LAMPS  AND  CANDLES. 


Q.  Of  what  are  on,  tallow,  and  wax 
composed  ? 

A.  Principally  of  carbon  and  hydro- 
gen gas.  The  solid  part  is  carbon,  the 
volatile  part  is  hydrogen  gas. 

Oxygen  also,  in  small  proportions,  enters  into  the  composition  of 
some  substances  used  for  candles. 

Q.  What  is  cakbon  ? 

A.  A solid  substance,  generally  of  a 
black  colour ; well  known  under  the 
forms  of  charcoal,  lamp-black,  coke,  &c. 

Q.  What  is  IITDROGEN  GAS  ? 

A.  One  of  the  elements  of  water. 
It  burns  so  readily,  that  it  used  to  be 
called  “ inflammable  air.”* 

Common  coal  gas  is  a compound  of  carbon  and  hydrogen,  called 
“ carburetted  hydrogen.”  See  p.  293. 

Q.  A candle  burns  when  lighted  — Explain 
how  this  is. 

A.  The  heat  of  the  lighted  wick 
decomposes  the  talloiv  or  wax ; and  forms 
vapour  of  water,  and  carbonic  acid  gas. 


Directions  for  making  hydro  en  gas  are  given  on  p.  37, 
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Q.  How  are  vapour  of  water  and  carbonvs 
acid  gas  formed  from  the  burning  tallow  or  wax 
of  a candle  ? 

A.  The  hydrogen  of  the  candle,  com- 
bining with  the  oxygen  of  the  air,  forms 
vapour  of  water : and  the  carbon  of  the 
candle,  combining  with  the  oxygen  of  the 
air,  forms  carbonic  acid  gas. 

Q.  "Where  is  the  tallow  or  wax  of  a candle 
decomposed  ? 

A.  In  the  wick.  The  melted  tallow, 
or  wax,  rises  up  the  wick  by  capillary 
attraction,  and  is  rapidly  decomposed  by 
the  heat  of  the  flame. 

Q.  What  is  capillary  attraction  ? 

A.  The  power  which  very  minute 
tubes  possess,  of  causing  a liquid  to  rise 
in  them  above  its  level. 

“Capillary,”  from  the  Latin  word,  “capillaris”  ( like  a hair); 
the  tubes  referred  to  are  almost  as  fine  and  delicate  as  a hair. 

Water  ascends  through  a lump  of  sugar,  or  piece  of  sponge,  by 
capillary  attraction.  N.B.  The  smaller  a tube,  the  higher  wiL  a 
liquid  be  attracted  in  it. 

Q.  Why  is  the  flame  of  a candle  hot  ? 

A.  Because  it  liberates  latent  heat 
from  the  air  and  tallow. 

Q.  How  is  latent  heat  liberated  by  the 
flame  of  a candle  ? 
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A.  When  the  elements  of  the  tallow 
combine  with  the  oxygen  of  the  air,  latent 
heat  is  liberated  by  the  chemical  changes. 

Q.  Why  does  the  flame  of  a candle  produce 
light  P 

A.  Because  the  chemical  changes 
made  by  combustion,  excite  undulations 
of  luminous  ether,  which  (striking  the  eye) 
produce  light.  (See  p.  47.) 

Q.  Describe  the  different  parts  of  the  flame 
of  a common  cahdle. 

A.  The  flame  consists  of  three  cones  : 
The  inner  or  hollow  cone,  in  which  no 
combustion  takes  place ; — the  interme- 
diate cone  or  area  of  partial  combustion, 
in  which  the  hydrogen  is  chiefly  con- 
sumed;— and  the  outer  cone  or  area  of 
perfect  combustion,  in  which  the  carbon 
is  principally  burned. 

Q.  Why  does  the  inside  of  the  flame  appear 
HOLLOW  ? 

A.  Because  it  is  filled  with  invisible 
vapour  raised  from  the  candle  by  the 
heat  of  the  wick  ; which  cannot  be  burnt 
unless  in  contact  with  the  air. 
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Q.  From  which  part  of  the  flame  is  the 
greatest  illuminating  power  derived  ? 

A.  From  the  intermediate  cone,  in 
which  the  burning  gas  raises  the  particles 
of  carbon  to  a white  heat ; upon  which 
the  illuminating  power  depends. 

Q.  Why,  for  the  most  part , is  only  the 
hydrogen  consumed  in  the  intermediate  cone  ? 

A.  Because  the  oxygen  of  the  air  has  a 
greater  affinity  for  hydrogen  than  for  carbon  ; 
and  that  which  penetrates  to  this  part  of  the 
flame,  not  being  sufficient  to  combine  with 
both,  unites  with  hydrogen  to  form  water. 

Q.  Why  is  the  middle  cone  in  a state  of 
less  perfect  combustion  than  the  outer  ? 

A.  Because  the  outer  cone  prevents 
the  oxygen  of  the  air  from  getting  freely 
to  the  middle  of  the  flame  ; and  without 
free  access  of  oxygen,  there  cannot  be 
complete  combustion. 

Q.  Why  is  the  outer  of  less  illuminating 
power  than  the  intermediate  cone  ? 

A.  Because  the  incandescent  carbon, 
which  passes  to  the  outer  cone,  is  imme- 
diately consumed  by  combining  with  the 
oxygen  of  the  air,  to  form  carbonic  acid  gas 

“ Incandescent,”  that  is,  heated  to  whiteness. 
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Q.  Why  is  the  bottom  of  the  flame  purple  ? 

A.  Because  it  contains  very  little 
incandescent  carbon,  on  which  the  illu- 
minating power  of  a candle  depends. 

Q.  Why  does  the  flame  of  a candle  point 

UPWARDS  ? 

A.  Because  it  heats  the  surrounding 
air,  which  (being  hot)  rapidly  ascends, 
carrying  the  flame  upwards  at  the  same 
time. 

Q.  Why  is  the  flame  of  a candle  pointed 
at  the  top,  like  a cone  ? 

A.  Because,  as  the  cone  of  heated 
vapour  rises,  it  is  consumed ; and  its 
surface  being  diminished,  a pointed  form 
is  given  to  the  flame. 

“ Consumed,”  that  is,  converted  into  vapour  of  water  and  car- 
bonic acid  gas. 

Q.  Why  is  the  flame  of  a candle  blown 
out  by  a puff  of  breath  ? 

A.  Because  it  is  severed  from  the  wick, 
and  goes  out  for  want  of  support. 

Q.  Why  does  the  flame  of  a candle  make 
a glass  (which  is  held  over  it)  damp  ? 

A.  Because  a “watery  vapour”  is 
made,  by  the  combination  of  the  hydrogen 
of  the  tallow  with  the  oxygen  of  the  air ; 
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which  is  condensed  by  the  cold  glass, 
held  above  the  flame. 

Water  is  composed  of  oxygen  and  hydrogen  gases,  chemically 
united. 

Q.  Why  does  the  hand , held  aboye  a candle , 
suffer  more  from  heat , than  when  it  is  placed 
below  the  flame , or  on  one  side  of  it? 

A.  Because  the  ascending  heated  aii 
comes  in  contact  with  the  hand  placed 
above  the  flame ; but  when  the  hand  is 
placed  beloiv  the  flame  or  on  one  side , it 
only  feels  heat  from  radiation. 

“ Radiation  : ” i.e.  emission  of  rays.  The  candle-flame  throws 
out  rays  of  light  and  heat  in  all  directions ; but  when  the  hand  is 
held  above  the  flame,  it  not  only  feels  the  heat  of  the  rays,  but  also 
of  the  ascending  current  of  hot  air. 

'Q.  Why  is  a rush-light  extinguished  more 
quickly  than  a cotton-wick  candle  / 

A.  Because  a hard  rush  imbibes  the 
melted  fat  or  wax  much  more  slowly 
than  porous  cotton ; as  it  imbibes  less  fat, 
it  supplies  a smaller  volume  of  combustible  j 
gases  ; the  flame  is,  therefore,  smaller, 
and  more  easily  extinguished. 

Q.  Why  is  it  more  difficult  to  blow  out  a 
•COTTON  wick,  than  a rush-light  ? 

A.  Because  porous  cotton  imbibes  the  j 
melted  fat,  or  wax,  much  more  quickly. 
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than  hard  rush  : as  it  imbibes  more  fat, 
it  supplies  the  flame  with  a larger 
volume  of  combustible  gases ; and,  of 
course,  the  light  is  with  more  difficulty 
extinguished. 

Q.  Why  is  a gas  flame  more  easily  extin- 
guished, when  the  jet  is  very  slightly  turned  on9 
thqtfi  when  it  is  in  full  stream  ? 

A.  Because  there  is  less  volume  of 
combustible  gases  in  the  small  flame, 
than  in  the  full  blaze. 

Q.  Why  does  an  extinguisher  put  a can- 
dle out  ? 

A.  Because  the  air  in  the  extinguisher 
is  soon  exhausted  of  its  oxygen  by  the 
flame : and  when  there  is  no  oxygen, 
flame  goes  out. 

Q.  Why  does  not  a candle  set  fire  to  a 
piece  oe  paper  twisted  into  an  extinguisher , 
and  used  as  such  ? 

A.  1st — Because  the  flame  very  soon 
exhausts  the  oxygen  contained  in  the 
paper  extinguisher : and 

Sndly — The  flame  invests  the  inside  of 
the  paper  extinguisher  with  carbonic  acid 
gas,  which  prevents  it  from  blazing. 
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Q.  Why  is  a LONG  wick  never  upright? 

A.  Because  it  is  bent  by  its  own 
weight. 

Q.  A long  wick  is  covered  with  an  efflo- 
rescence at  the  top. — What  does  this  arise  from? 

A.  This  knotty  or  flowery  appearance 
arises  from  an  accumulation  of  charred 
particles  of  cotton,  which  have  not  been 
completely  burnt,  because  the  oxygen  of 
■the  atmosphere  has  been  kept  from  them 
by  the  outer  cone  of  the  flame. 

Q.  Why  is  not  the  end  of  a long  wick 
burnt  off,  as  it  hangs  over  the  flame? 

A.  Because  the  length  and  thickness 
of  the  unburnt  wick  so  diminishes  the 
Jlame  and  checks  combustion,  that  there  is 
not  heat  enough  to  consume  the  charred 
particles. 

Q Why  do  the  wicks  of  Palmer's  candles 
never  require  snuffing  ? 

A.  Because  the  wick  is  divided  into 
two  or  more  parts,  which,  with  the  assist, 
ance  of  a fine  wire  twisted  with  the  cot- 
ton, spread  and  project  beyond  the  flame  ; 
where  they  are  readily  consumed. 

Immediately  the  wick  reaches  the  outer  cone  of  the  flame  it  is 
consumed,  because  the  supply -of  oxygen  is  very  plentiful  there. 
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Q,  Why  do  common  candles  require  to  he 
muffed  ? 

A.  Because  the  wick  is  surrounded 
by  the  outer  cone  of  the  flame,  which 
prevents  a sufficient  supply  of  oxygen  to 
cause  complete  combustion. 

Q.  Why  do  wax  and  composite  candles  never 
require  snuffing  ? 

A.  Because  the  wick  is  so  platted 
as  to  bend  into  the  outer  cone,  where  it 
is  completely  consumed. 

Q.  Why  is  this  plan  not  adopted  in  making 
tallow  candles  ? 

A.  Because  the  bending  of  the  wick, 
which  causes  part  of  the  flame  to  pro- 
ject, would  melt  the  tallow  on  one  side  too 
quickly,  causing  the  candle  to  “ gutter.” 

Tallow  melts  at  a lower  temperature  than  wax  or  stearine  ; which 
prevents  the  employment  of  this  p^n  for  consuming  the  wick. 

Q.  What  is  the  smoke  of  a candle  ? 

A.  Solidparticles  of  carbon,  separated 
from  the  wick  and  tallow,  but  not  con- 
sumed. 

Q.  Why  are  some  particles  consumed , and 
not  others  ? 
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A.  Because  the  outer  surface  of  the 
flame  prevents  the  access  of  air  to  the  in- 
terior parts,  whence  much  of  the  carhon 
passes  off  in  smoke. 

The  combustion  of  the  carbon  depends  upon  its  combining  with 
the  oxygen  of  the  air. 

Q.  Why  do  LAMPS  SMOKE  ? 

A.  Either  because  the  wich  is  cut 
unevenly,  or  else  because  it  is  turned  up 
too  high. 

Q.  Why  does  a lamp  smoke,  when  the 
WICK  is  cut  UNEVENLY  ? 

A.  Because  the  points  of  the  jagged 
edge  project  into  the  flame,  where  the 
supply  of  oxygen  is  not  sufficient  to 
consume  all  the  carbon. 

Q.  Why  does  a lamp  smoke,  when  the 
wick  is  turned  up  too  high  ? 

A.  Because  more  carbon  is  separated 
from  the  wick,  than  can  be  consumed  by 
the  flame. 

Q.  Why  do  not  “ akgand  bueneks”  smoke? 

A.  Because  a current  of  air  passes 
through  the  middle  of  the  flame  ; in  con- 
sequence of  which,  the  carbon  of  the 
interior  is  consumed,  as  well  as  that  in 
the  outer  coating  of  the  flame. 
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Q.  Why  does  a lamp-glass  diminish  the 
SMOKE  of  a lamp  ? 

A.  1st — Because  it  increases  the 
supply  of  oxijgen  to  the  flame,  by  pro- 
ducing a draught ; and 

Sndly — It  concentrates  and  reflects  the 
heat  of  the  flame : in  consequence  of 
which,  the  combustion  of  the  carbon  is 
more  perfect,  and  very  little  escapes 
unconsumed. 


CHAPTER  YI. 


ANIMAL  HEAT. 


Q.  What  is  the  cause  of  animal  heat  ? 

A.  Animal  heat  is  produced  by  the 
combustion  of  lujdrogen  and  carbon  in  the 
capillary  vessels. 

Q.  What  are  capillary  vessels  ? 

A.  Vessels  as  small  as  hairs  running 
all  over  the  body ; they  are  called  capillary 
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from  the  Latin  word  “ capilla'ris”  ( like  a 

hair.) 

Q.  Do  these  capillary  vessels  run  all 
over  the  human  body  ? 

A.  Yes.  Whenever  blood  flows  from 
a wound,  some  blood-vessels  must  be 
divided ; and,  as  you  can  bring  blood  from 
any  part  of  the  body  by  a very  slight 
wound,  these  little  vessels  must  run 
through  every  part  of  the  human  frame. 

Q.  Dow  do  hydrogen  gas  and  carbon  get 
into  these  very  minute  vessels  ? 

A.  The  food  we  eat  is  converted  into 
blood  ; and  blood  contains  both  hydrogen 
and  carbon. 

Q.  Dow  does  combustion  take  place  in  the 
capillary  vessels  ? 

A.  The  carbon  of  the  blood  combines 
with  the  oxygen  of  the  air  we  breathe,  and 
forms  carbonic  acid  gas. 

Q.  What  becomes  of  this  CARBONIC  ACID 
OKS,,  formed  in  the  human  blood? 

A.  The  lungs  throw  off  almost  all  of 
it  into  the  air,  by  the  act  of  expiration. 

Q.  What  gas  is  generated  in  a common 

EIRE  ly  COMBUSTION  ? 
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A.  Carbonic  acid  gas, — formed  by  the 
union  of  the  carbon  of  fuel  with  the 
oxygen  of  air. 

Q.  What  GAS  is  generated  by  a lighted  CAN- 
DLE or  lamp  ? 

A.  Carbonic  acid  gas, — formed  by  the 
union  of  the  carbon  of  oil  or  tallow  with 
the  oxygen  of  air. 

Q.  What  is  the  cause  of  heat  in  the  animal 

system  ? 

A.  It  is  produced  by  a species  of  slow 
combustion  in  the  body. 

Q.  Does  the  heat  of  the  human  body  arise 
from  the  same  cause  as  the  heat  of  eibe  ? 

A.  Yes,  it  does.  The  carbon  of  the 
blood  combines  with  the  oxygen  of  the  air 
inhaled,  and  produces  carbonic  acid  gas. 

Q.  If  animal  heat  is  produced  by  combus- 
tion, why  does  not  the  human  body  bubn  up 
like  a coal  or  candle  ? 

A.  It  actually  does  so.  Every  mus- 
cle, nerve,  and  organ  of  the  body,  wastes 
away  like  a burning  lamp ; and  (being 
reduced  to  air  and  ashes)  is  rejected  from 
the  system  as  useless. 


id 
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Q.  If  every  bone , muscle , nerve,  and  organ 
is  thus  consumed  by  combustion , wAy  is  not  the 
body  entirely  consumed  ? 

A.  It  would  be  so,  unless  the  parts 
destroyed  were  perpetually  renewed:  but 
as  a lamp  will  not  go  out,  so  long  as  it 
is  supplied  with  fresh  oil;  neither  will 
the  body  be  consumed,  so  long  as  it  is 
supplied  with  sufficient  food. 

Q.  Wliat  is  the  principal  difference  "between 
the  combustion  of  a fiee  or  lamp,  and  that  of 
the  HUMAN  BODY  ? 

A.  In  the  human  body,  the  combus- 
tion is  affected  at  a much  lower  tempera- 
ture ; and  carried  on  more  slowly  than 
in  a lamp  or  fire. 

The  fire  of  one’s  body  is  not  hotter  than  from  &0  to  104  degrees. 
This  heat  is,  nevertheless,  sufficient  to  burn  some  things.  For 
example,  a little  piece  of  phosphorus  will  ignite,  if  it  gets  by  acci- 
dent under  the  nail. 

Q.  Sow  is  it  that  carbon  can  be  made  to  burn 
at  so  low  a temperature  in  the  human  body  ? 

A.  Because  the  carbon  in  the  blood 
is  reduced  to  very  minute  particles,  ready 
to  undergo  a rapid  change  immediately 
oxygen  is  supplied. 

Q.  When  a man  is  stabyed,  what  parts  of 
the  body  go  first  ? 
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A.  First  the  fat,  because  it  is  the 
most  combustible ; afterwards  the  muscles  ; 
and  then  the  man  dies,  like  a lamp 
which  is  burnt  out. 

Q.  Why  does  want  of  sufficient  nourish- 
MENT  often  'produce  madness  ? 

A.  Because  while  the  fat  and  muscles 
of  the  body  are  consuming  by  animal 
combustion,  the  brain  also  is  attacked; 
and  disease  is  produced  in  it  before  it  is 
finally  destroyed. 

Q.  Why  does  a man  shrink,  when  starved  ? 

A.  Because  the  capillary  fires  feed 
upon  the  human  body,  when  they  are  not 
supplied  with  food-fuel.  A starved  man 
shrinks  just  as  a fire  does,  when  it  is  not 
supplied  with  fuel. 

Q.  What  is  the  eued  of  the  body  ? 

A.  Food  is  the  fuel  of  the  body. 
The  carbon  of  the  food,  combining  with 
the  oxygen  of  the  air,  evolves  heat,  in  the 
same  way  that  a fire  or  candle  does. 

Q.  Why  is  every  part  of  the  body  warm  ? 

A.  Because  the  capillary  vessels  run 
through  every  part  of  the  human  body, 
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and  the  combustion  of  blood  takes  place 
in  the  capillary  vessels.  (See  p.  86.) 

Q.  Why  does  bunking  make  us  warm  ? 

A.  Because  we  inhale  more  air,  and 
cause  the  blood  to  pass  more  rapidly 
through  the  lungs.  Running  acts  upon 
blood  in  the  capillary  vessels,  as  a pair 
of  bellows  on  a common  fire. 

Q.  Why  does  inhaling  air  bapidly  make 
the  body  feel  warm  ? 

A.  Because  more  oxygen  is  introduced 
into  the  body.  In  consequence  of  which, 
the  combustion  of  the  blood  is  more  rapid, 
— the  blood  itself  more  heated, — and 
every  part  of  the  body  is  made  warmer. 

Q.  Why  does  habd  work  produce  hunger? 

A.  Because  it  produces  quicker  respi- 
ration ; by  which  means,  a larger  amount 
of  oxygen  is  introduced  into  the  lungs, 
and  the  capillary  combustion  increased. 
Hunger  is  the  notice,  (given  by  our  body) 
to  remind  us,  that  our  food-fuel  must  be 
replenished. 

Q.  Why  do  want  of  exercise  and  too  abun- 
dant feeding  make  men  Sat  or  ill  ? 
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A.  Because  more  hydrogen  and  car- 
bon are  taken  into  the  blood  than  can 
be  consumed  by  the  respiration;  these 
therefore,  either  turn  to  fat,  or  cause 
some  disturbance  in  the  system,  which  is 
called  disease. 

Q.  Why  do  singing  and  beading  aloud 
make  us  feel  hungry  ? 

A.  Because  they  increase  respiration  ; 
and,  as  more  oxygen  is  introduced  into 
the  lungs,  our  food-fuel  is  more  rapidly 
consumed. 

Q.  Why  do  we  feel  less  hungry  in  the 
night , than  in  the  day  ? 

A.  Because  we  breathe  more®  slowly 
during  sleep ; therefore,  less  oxygen  is 
introduced  into  the  lungs,  to  consume 
our  food-fuel. 

Q.  Why  do  we  need  warmer  clothing  by 
NIGHT,  than  hy  day  ? 

A.  1st — Because  the  night  is  gene- 

rally colder  than  the  day : and 

Sndly — Because  we  breathe  more 
slowly : In  consequence  of  which,  animal 
combustion  is  retarded,  and  our  bodies 
are  colder. 
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Q.  Why  do  we  perspire,  when  very  hot  ? 

A.  Because  the  pores  of  the  skin  are 
thrown  open  to  let  some  of  the  fluids  of 
the  blood  escape. 

Q.  Why  do  persons  feel  lazy  and  averse  to 
exercise,  when  they  are  half-stabyed  or  ill-fed  ? 

A.  Because  desire  for  muscular  action 
ceases,  when  the  body  is  not  supplied  with 
nutritious  food. 

Q.  Why  have  persons,  who  follow  haed  out- 
of-doobs  occupations,  more  appetite  than 
those  who  are  engaged  in  sedentaey  pursuits  ? 

A.  Because  hard  bodily  labour  in  the 
open  air  causes  much  oxygen  to  be  conveyed 
into  the  lungs  hy  inspiration;  the  com- 
bustion of  the  food  is  carried  on  quickly; 
animal  heat  increased ; and  need  for 
nutritious  food  more  quickly  indicated 
hy  craving  hunger. 

Q.  Why  have  persons,  who  follow  seden- 
TABY  pubsuits,  less  appetite  than  ploughmen 
and  masons  ? 

A.  1st — Because  the  air  they  inhale 
is  less  pure,  being  deprived  of  some  of  its 
oxygen:  and 
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Sndly — Their  respiration  is  neither  so 
quick,  nor  so  strong ; and,  therefore,  the 
combustion  of  their  food  is  carried  on 
more  slowly. 

Q.  Why  do  we  like  strong  meat,  and  geeast 
food,  when  the  weather  is  very  cold  ? 

A.  Because  strong  meat  and  grease 
contain  large  portions  of  carbon  and 
hjclrogen ; which  produce  a larger  amount 
of  heat  (when  burned  in  the  blood)  thau 
any  kind  of  food. 

Q.  Why  do  persons  eat  more  food  in  cold 
weather,  than  in  hot  ? 

A.  Because  the  body  requires  more 
fuel  in  cold  iveather,  to  keep  up  the  same 
amount  of  animal  heat;  and  as  we  put 
more  coals  on  a fire  on  a cold  day,  to  keep 
our  room  warm,  so  we  eat  more  food  on 
a cold  day,  to  keep  our  body  warm. 

Q.  Why  does  cold  produee  hunger.? 

A.  1st — Because  the  air  contains 
more  oxijgen  in  cold  weather ; and,  there- 
fore, fires  burn  more  fiercely,  and  animal 
combustion  is  more  rapid : and 

Sndly — As  we  are  more  active  in  cold 
weather,  our  increased  respiration  acts 
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like  a pair  of  bellows  on  the  capillary 
combustion. 

Q.  Why  does  rapid  digestion  produce  a 
craving  appetite  ? 

A.  This  is  a wise  provision  to  keep 
our  bodies  in  health  ; hunger  gives  notice 
that  the  capillary  fires  need  replenishing, 
in  order  that  the  body  itself  may  not  be 
consumed. 

Q.  Why  do  we  feel  a desire  for  activity 
in  cold  weather  ? 

A.  1st — Because  activity  increases 
the  warmth  of  our  body,  by  fanning  the 
combustion  of  blood : and 

Sndly — The  strong  food  we  eat  creates 
a desire  for  muscular  exertion. 

Q.  Why  are  the  Esquimaux  so  passionately 
fond  of  tbain  oil,  and  whale  blubbeb  ? 

A.  Because  oil  and  blubber  contain 
large  quantities  of  carbon  and  hydrogen , 
which  are  exceedingly  combustible ; and 
the  heat  of  their  bodies  is  increased  by 
the  greasy  nature  of  their  food. 

Q,.  Why  do  we  feel  a dislike  to  strong 
meat  and  greasy  food  in  very  hot  weather  t 
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A.  Because  strong  meat  and  grease 
contain  so  much  carbon  and  hydrogen, 
that  they  would  make  us  intensely  hot ; 
we,  therefore,  instinctively  refuse  them 
in  hot  weather. 

Q.  Why  do  we  like  eruits  and  vege- 
tables most  in  hot  weather? 

A.  Because  they  contain  less  hydrogen 
and  carbon  than  meat;  and,  therefore, 
produce  not  only  less  blood,  but  blood  of 
a less  combustible  nature. 

Q.  Why  is  our  blood  of  a less  combustible 
nature , if  we  live  chiefly  upon  bruits  and  vege- 
tables ? 

A.  Because  fruits  and  vegetables 
supply  the  blood  with  a very  large  amount 
of  water;  which  is  not  combustible,  like 
the  carbon  and  hydrogen  of  strong  meat. 

Q.  JTow  do  eruits  and  VEGETABLES  cool 
the  BLOOD  ? 

A.  1st — They  diminish  the  amount 
of  carbon  and  hydrogen  in  the  blood, 
which  are  the  chief  causes  of  animal 
heat : and 

2ndly — They  supply  the  blood  with  a 
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large  amount  of  water  which  exudes 
through  the  shin,  and  leaves  the  body  cool. 

Q.  Why  do  we  feel  lazy  and  averse  to  acti- 
vity in  very  hot  weather  ? 

A.  1st — Because  muscular  activity 
increases  the  heat  of  our  body,  by 
quichening  respiration : and 

2ndly — The  food  we  eat  in  hot  weather 
(not  being  greasy ) naturally  abates  our 
desire  for  bodily  activity. 

Q.  Why  do  the  inhabitants  of  tropical 
countries  live  chiefly  upon  rice  and  fruit  F 

A.  Because  rice  and  fruit  (by  diges- 
tion) are  mainly  converted  into  water ; 
and  (by  cooling  the  blood)  prevent  the 
tropical  heat  from  feeling  so  oppressive. 

Q.  Why  are  the  ill-fed  instinctively  averse 
tO  CLEANLINESS  F 

A.  Because  cleanliness  increases  hun- 
ger, which  they  cannot  allay  by  food. 

The  force  of  bad  habits,  without  doubt,  has  more  to  do  with  this 
result,  than  the  scientific  fact  mentioned  above. 

Q.  Why  does  the  frequent  use  of  baths 
generally  tend  to  improve  health  ? 

A.  Because  it  keeps  the  pores  of  the 
body  free  from  obstruction : and  promotes 
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a healthy  performance  of  the  functions 
of  the  skin. 

Q.  Why  are  very  poob  people  instinctively 

AVEESE  to  VENTILATION  ? 

A.  1st — Because  ventilation  increases 
the  amount  of  oxygen  in  the  air, — the  com- 
bustion of  food,  and  the  cravings  of 
appetite;  and 

Sndly — Ventilation  cools  the  air  of  a 
room : to  poor  people,  therefore,  who  are 
ill- clad,  the  warmth  of  an  ill- ventilated 
apartment  is  agreeable. 

Q.  Why  are  hircls  hot-blooded  creatures? 

A.  Because  they  breathe  quickly;  and 
the  combustion  of  their  blood  is  very 
rapid,  from  the  abundance  of  oxygen 
introduced  into  their  bodies. 

Q.  Why  are  children  hotter  than  old,  people  ? 

A . Because  they  breathe  more  quickly  ; 
and  more  oxygen  is  introduced  into  their 
blood  to  supply  the  capillary  fire. 

The  heart  beats  more  quickly  in  the  ycung  than  in  the  old  The 
pulsations  are  often  140  in  a minute  in  infants ; and  not  more  than 
70  in  a minute  in  the  very  aged. 

Q Are  bears  and  dormice  colder  during 
their  winter  sleep  ? 
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A.  Yes.  Because  their  breathing 
and  circulation  almost  cease. 

For  the  same  reason  they  are  ahie  to  dispense  with  food  for  so 
long  a time. 

Q.  Why  are  frogs,  fishes,  snakes,  and 
lizards,  cold-blooded  animals  ? 

A.  Because  they  consume  very  little 
air ; and,  without  a plentiful  supply  of 
air,  combustion  is  too  slow  to  generate 
much  animal  heat. 

Q.  Why  is  a dead  body  cold  ? 

A.  Because  air  is  no  longer  conveyed 
to  the  lungs,  after  respiration  has  ceased : 
and,  therefore,  animal  heat  is  no  longer 
generated  by  combustion. 
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I.— PERCUSSION. 

Q How  is  heat  produced  by  mechanical 
action  ? 

A.  1. — By  Percussion.  2. — By  Fric- 
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tion.  3. — By  Condensation.  And  4. — 

By  Electricity. 

Electricity  only  produces  heat,  when  it  meets  with  a bad  con- 
ductor. Friction  may  have  something  to  do  with  this. 

Q.  What  is  meant  by  percussion  ? 

A.  The  act  of  striking ; as  when  a 
blacksmith  strikes  a piece  of  iron  on  his 
anvil  with  his  hammer. 

Q.  Why  will  striking  iron  make  it  red- 

HOT? 

A.  Because  it  condenses  the  particles 
of  the  metal : and  makes  the  latent  heat 
sensible. 

As  a general  rule,  sensible  heat  is  evolved  by  condensation,  and 
absorbed  by  expansion. 

Q.  Does  cold  iron  contain  heat  ? 

A.  Yes  : every  thing  contains  heat ; 
but,  when  a thing  feels  cold,  its  heat  is 

LATENT. 

Q.  What  is  meant  ly  latent  heat  ? 

A.  Heat  not  perceptible  to  our  feelings. 
When  anything  contains  heat  without 
feeling  hotter  for  it,  that  heat  is  called 
“ latent  heat.”  ( See  p.  33.) 

Q.  Does  coed  iron  contain  latent  heat  ? 

A.  Yes ; and  when  a blacksmith 
compresses  it  by  his  hammer,  he  brings 
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out  latent  heat ; and  this  makes  the  iron 
red-hot. 

Q.  How  used  blacksmiths  to  light  their 
matches,  before  the  general  use  of  lucifers  ? 

A.  They  used  to  place  a soft  iron 
nail  upon  their  anvil : strike  it  a few 
times  with  a hammer : and  the  point 
became  sufficiently  hot  to  light  a brimstone 
match. 

Q.  How  can  a nail  ( beaten  by  a hammer ) 
ignite  a brimstone  match  ? 

A.  The  metal  of  the  nail  being  com- 
pressed by  the  hammer,  can  no  longer 
contain  so  much  heat  in  a latent  state, 
as  it  did  before ; some  of  it,  therefore, 
becomes  sensible,  and  increases  the  tem- 
perature of  the  iron. 

Q.  Why  does  striking  a flint  against  a 
piece  of  steel,  produce  a spark  ? 

A.  Because  it  compresses  those  parts 
of  the  flint  and  steel,  which  strike  to- 
gether : In  consequence  of  which,  some 
of  their  latent  heat  is  disturbed,  and 
exhibits  itself  in  a spark. 

Q.  How  does  this  development  of  heat  produce 
a spark,  and  set  tinder  on  fire  ? 

A.  A very  small  fragment  of  the 
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steel  is  knocked  off  red-hot,  and  sets  fire 
to  the  tinder  on  which  it  falls. 

Q.  Why  is  it  needful  to  keep  blowing-  the 
tinder  with  the  breath  ? 

A.  In  order  that  the  increased  supply 
of  air  may  furnish  the  tinder  with  more 
oxygen  to  assist  combustion. 

Q.  Where  does  the  oxygen  of  the  air  come 
from,  which  is  blown  to  the  lighted  tinder  ? 

A.  From  the  air  itself,  which  is 
chiefly  composed  of  two  gases  ( nitrogen 
and  oxygen ) mixed  together. 

Five  gallons  of  common  air  contain  nearly  4 of  nitrogen,  and  1 of 
oxygen  mixed  together,  but  not  chemically  combined. 

Q.  What  is  the  use  of  oxygen  gas  to  lighted 
tinder  ? 

A.  It  supports  the  combustion  of  the 
tinder.  Blowing  lighted  tinder  carries 
oxygen  to  it  and  quickens  it,  in  the  same 
way  as  a pair  of  bellows  quickens  a dull 
fire. 

Q.  Why  do  horses  sometimes  strike  fire 
with  their  feet  ? 

A.  Because  their  iron  shoes  strike 
against  the  flint-stones  of  the  road ; and 
very  small  fragments  are  knocked  off  red- 
hot,  ■ and  look  like  sparks. 
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Q.  What  makes  these  fragments  red-hot  ? 

A.  The  percussion  condenses  the  part 
struck : In  consequence  of  which,  some 
of  its  latent  heat  is  rendered  sensible,  and 
exhibits  itself  in  these  red-hot  fragments. 


CHAPTER  VIII. 


2.— FRICTION. 

Q.  What  is  meant  Ig  friction  ? 

A.  The  act  of  rubbing  two  things 
together ; as  the  Indians  rub  two  pieces 
of  wood  together  to  produce  fire. 

Q.  How  do  the  Indians  produce  fire,  by 
merely  railing  two  pieces  of  dry  wood? 

A.  They  take  a piece  of  dry  wood, 
sharpened  to  a point,  which  they  rub 
quickly  up  and  down  a fiat  piece,  till  a 
groove  is  made ; and  the  dust  (collected 
in  this  groove)  catches  fire. 

Q.  Why  does  the  dust  of  the  wood  catch 

FIRE  ly  RUBBING? 

A.  Because  latent  heat  is  developed 
from  the  wood  by  friction. 

The  best  woods  for  this  purpose  are  boxwood  against  mulberry, 
or  laurel  against  poplar  or  ivy . 
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Q.  Do  not  cabbiage  wheeis  sometimes 

CATCH  FIEE  ? 

A.  Yes  : when  the  wheels  are  dry, — 
or  fit  too  tightly, — or  revolve  very  rapidly. 

Q.  Why  do  wheels  catch  fire  in  such  cases  t 

A.  Because  the  friction  of  the  wheels 
against  the  axle-tree  disturbs  their  latent 
heat,  and  produces  ignition. 

Q.  What  is  the  use  of  gbeasing  cart  wheels  ? 

A.  Grease  lessens  the  friction ; and 
the  latent  heat  of  the  wheels  is  less  dis- 
turbed, in  consequence  of  this  diminished 
friction. 

Q.  Why  does  subbing  our  hands  and 
faces  make  them  feel  warm  ? 

A.  1st. — Because  friction  excites  the 
latent  heat  of  our  hands  and  faces,  and 
makes  it  sensible  to  our  feeling : and 

Sndly — The  blood  is  made  to  circulate 
more  quickly ; in  consequence  of  which, 
the  quantity  of  heat  (left  in  its  passage) 
is  increased. 

Q.  When  a mm  has  been  almost  deowned, 
why  is  suspended  animation  restored  by  subbing  ? 

A.  1st — Because  friction  excites  the 

latent  heat  of  the  half-inanimate  body : and 
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2ndly — It  makes  the  blood  circulate 
more  quickly,  which  increases  the  animal 
heat. 

Q.  Why  do  two  pieces  of  ice  (rubied  toge- 
ther) MELT? 

A.  Ice  contains  140  degrees  of  latent 
heat,  and  (when  two  pieces  are  rubbed 
together)  some  of  this  latent  heat  is  made 
sensible,  and  melts  the  ice. 

Q.  How  are  eoeests  sometimes  set  on  eiee 
by  friction  ? 

A.  The  branches  of  contiguous  trees 
(blown  about  by  the  wind)  rub  violently 
against  each  other,  their  latent  heat  is 
developed  by  the  friction,  and  sets  fire  to 
the  forests. 

Q.  Why  do  carpenter's  tools  (such  as  gim- 
lets, saws, files,  Sfc.)  become  hot  when  used? 

A.  Because  the  friction  of  the  tools 
against  the  wood  disturbs  latent  heat,  and 
makes  it  sensible. 

Q.  Give  an  illustration  of  this. 

A.  When  cannon  is  bored,  the  borers 
become  so  intensely  hot  from  friction,  that 
they  would  blister  the  hands,  if  touched. 
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Q.  Why  do  these  boeees  become  so  in- 
tensely hot  ? 

A.  Because  the  friction  of  the  borers 
against  the  metal  is  so  great,  that  it  sets 
free  a large  quantity  of  latent  heat. 


3.— CONDENSATION  or 
COMPRESSION. 


N.B.  The  reduction  of  matter  into  a smaller  compass  by  any 
external  or  mechanical  force,  is  called  compression. 

The  reduction  of  matter  into  a smaller  compass  by  some  internal 
action  (as  by  the  escape  of  caloric)  is  called  condensation. 

Q.  What  is  meant  hy  compression  ? 

A.  The  act  of  bringing  parts  nearer 
together  ; as  a sponge  is  compressed  by 
being  squeezed  in  the  hand. 

Q.  Can  heat  he  evolved  from  common  air 
merely  hy  compression  ? 

A.  Yes ; if  a piece  of  German  tinder 
be  placed  at  the  bottom  of  a glass  tube, 
and  the  air  in  the  tube  compressed  by  a 
piston,  the  tinder  will  catch  fire. 

In  a common  syringe  or  squirt,  the  handle  part  (which  contains 
the  sucker , and  is  forced'  up  and  down)  is  called  “ the  piston.” 
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Qe  Why  will  the  tinder  catch  fire  t 

A.  Because  the  air  is  compressed; 
and  its  latent  heat  being  squeezed  out, 
sets  fire  to  the  tinder  at  the  bottom  of 
the  tube. 

Q.  Why  will  small  quantities  of  sulphur 
and  chlorate  of  potash  detonate  when  rubbed 
together  in  a mortar  ? 

A.  Because  the  particles  of  the  two 
substances  are  compressed  so  closely 
together,  that  their  several  chemical 
affinities  are  brought  into  action. 

To  “ detonate”  is  to  explode  or  burn  with  a sudden  report. 

Q.  Why  do  detonating-  salt  and  powder 
explode,  on  being  rubbed  or  struck  ? 

A.  Because  the  mechanical  action 
of  rubbing  or  striking,  produces  sufficient 
heat  to  ignite  the  explosive  materials  of 
which  they  are  composed. 

Q.  Why  are  shot  and  canhoh  balls 
heated  by  being  discharged  from  a gun  ? 

A.  Because  they  are  compressed, 
and  rubbed  against  the  sides  of  the  gun 
by  the  explosion  of  the  powder. 
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CHAPTER  IX. 


EFFECTS  OF  HEAT. 


1.— EXPANSION. 

Q.  What  arethe principal  effects  of  heat  » 

A.  1. — Expansion.  2. — Liquefac- 
tion. 3. — Vaporization,  and  4. — Ig- 
nition. 

Q.  Show  that  HEAT  EXPANDS  AIB. 

A.  If  a bladder  (partially  filled  with 
air)  be  tied  up  at  the  neck,  and  laia 
before  a fire,  the  air  will  expand  till  the 
bladder  bursts. 

Q.  Why  will  the  AIB  swell,  if  the  bladder 
he  laid  before  afire  ? 

A.  Because  the  heat  of  the  fire  will 
drive  the  particles  of  air  apart  from  each 
other,  and  cause  them  to  occupy  more 
room  than  they  did  before. 

Q.  Why  do  unslit  chestnuts  CBACK  with  a 
loud  noise,  when  boasted  ? 

A.  Because,  they  contain  a great  deal 
of  air,  which  is  expanded  by  the  heat  of 
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the  fire  : and  (not  being  able  to  escape, 
bursts  violently  through  the  thick  rind 
slitting  it,  and  making  a great  noise. 

Q.  What  occasions  the  loud  cback  or  report 
which  we  hear  ? 

A.  1st — The  sudden  bursting  of  the 
rind  makes  a report ; in  the  same  way 
as  a piece  of  wood  or  glass  would  do,  if 
snapped  in  two ; and 

2ndly — The  escape  of  hot  air  from  the 
chestnut  makes  a report  also ; in  the  same 
way  as  the  escape  of  the  gases  formed  by 
the  explosion  of  gunpowder  does. 

Q.  Why  does  the  sudden  bursting  of  the  rind , 

or  snagging  of  a giece  of  wood,  make  a report  ? 

A.  Because  a violent  jerk  is  given  to 
the  air,  when  the  attraction  of  cohesion 
is  thus  suddenly  overcome : This  jerk 
produces  rapid  undulations  in  the  air, 
which  (striking  upon  the  ear)  cause  the 
sensation  of  sound. 

Q.  Why  does  the  escage  of  air  from  the 
chestnut , or  the  exglosion  of  gungowder , groduce 
a report  ? 

A.  Because  the  sudden  expansion  of 
the  imprisoned  air,  produces  a partial 
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vacuum : The  report  is  caused  by  Iho 
rushing  of  fresh  air  to  fill  up  this  vacuum. 

See  Thunder,  p,  8. 

Q.  If  a CHESTNUT  le  SLIT,  it  will  NOT 
crack  ; why  is  this  ? 

A.  Because  the  heated  air  of  the 
chestnut  can  then  freely  escape  through 
the  slit  in  the  rind. 

Q.  Why  does  an  apple  split  and  spurt 
about,  when  roasted? 

A.  In  some  measure  from  the  expan- 
sion of  air  by  heat ; but  more  especially 
because  its  juice  is  converted  into  steam. 

Q.  How  is  the  juice  of  an  apple  confined 
in  the  fruit  ? 

A.  By  being  placed  in  numerous 
little  cells  (like  those  of  an  honey-comb) : 
When  the  juice  is  converted  into  steam, 
it  bursts  through  these  cells  ; and  forces 
those  parts  which  oppose  it  through  the 
peel. 

Q.  When  an  apple  is  boasting,  why  is  one 
part  made  soft,  while  the  rest  remains  hard  ? 

A.  Because  the  vegetable  matter  of 
the  part  nearest  the  fire  is  cooked  by  the 
steam  of  the  hot  juices : and  where 
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the  heated  air  and  steam  break  through 
and  escape,  the  apple  collapses  and  be- 
comes soft. 

Q.  What  is  meant  hy  the  “ apple  collapsing?” 

A.  It  means  that  the  plumpness  gives 
way,  and  the  apple  becomes  flabby  and 

shrivelled. 

Q,.  Why  do  spaeks  of  fire  start  ( with  a craclc- 

ling  noise)  from  pieces  of  wood  laid  upon  a iiee  ? 

A.  Because  the  air  (expanded  by 
heat)  forces  its  way  through  the  pores  of 
the  wood ; and  carries  along  with  it  the 
covering  of  the  pore,  which  resisted  its 
passage. 

The  conversion  of  the  woody  fibre  of  the  interior  parts  into  com- 
bustible gases,  contributes  to  this  effect. 

Q.  What  is  meant  by  the  “ pokes  o/V&tf  wood?” 

A.  Very  small  holes  in  the  wood, 
through  which  the  sap  circulates. 

Q.  What  are  the  spaeks  of  fire , which 
hurst  from  the  wood  ? 

A.  Very  small  pieces  of  wood  made 
red-hot,  and  separated  from  the  log  by 
the  force  of  the  air,  when  it  bursts  from 
its  confinement. 

Q.  Why  does  deal  make  more  snapping 
than  any  other  wood? 
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A.  Because  the  pores  of  deal  are 
very  large,  and  contain  more  air  than 
those  of  wood  having  a closer  grain. 

Q.  Why  does  green  wood  make  less  snap- 
ping than  dry  ? 

A.  Because  the  pores  contain  less 
air,  being  filled  with  sap. 

Q.  Why  does  dry  wood  malce  more  snap- 
ping than  green  ? 

A.  Because  the  sap  is  dried  up,  and 
the  pores  are  filled  with  air  instead. 

Q.  Why  does  dry  wood  burn  more  easily 
than  green  or  wet  wood? 

A.  Because  the  pores  of  green  or 
wet  wood  are  filled  with  moisture,  which 
extinguishes  flame ; whereas  the  pores 
of  dry  wood  are  filled  with  air,  which 
supports  combustion. 

Q.  Why  does  moisture  extinguish  flame  ? 

A.  1st — Because  it  prevents  the 
carbon  and  hydrogen  of  the  fuel  from 
uniting  with  the  oxygen  of  the  air,  to 
form  carbonic  acid  gas  and  water : and 

2ndly — Because  heat  is  perpetually 
carried  off,  by  the  formation  of  the  sap 
into  steam. 
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Q.  Why  do  stones  snap  andjly  about:  when 
"heated  in  the  fire  ? 

A.  Because  the  close  texture  of  the 
stone  prevents  the  hot  air  from  escaping ; 
in  consequence  of  which,  it  bursts  forth 
with  great  violence,  tearing  the  stone  to 
atoms,  and  forcing  fragments  into  the 
room. 

Probably  some  part  of  this  effect  is  due  to  the  setting  free  of  the 
•water  of  crystallization. 

Q.  When  bottled  ale  or  porter  is  set  before 
afire , why  is  the  cork  forced  out  sometimes  ? 

A.  Because  the  carbonic  acid  of  the 
liquor  expands  by  the  heat,  and  drives 
out  the  cork. 

Carbonic  acid  gas  is  a compound  of  carbon  and  oxygen.  All  fer- 
mented liquors  contain  more  or  less  of  carbonic  acid  gas ; bottled 
ale  or  porter  a large  quantity. 

Q.  Why  does  ale  or  porter  ekoth  more , 
after  it  has  been  set  before  a fire  ? 

A.  Because  the  heat  of  the  fire  sets 
free  the  carbonic  acid  ; which  is  entangled 
as  it  rises  through  the  liquor,  and  pro- 
duces bubbles  or  froth. 

Q.  When  a boy  makes  a balloon,  and  sets 
fire  to  the  cotton  or  sponge  ( which  has  been  steeped 
in  spirits  of  wine) , why  is  the  balloon  in  elated  ? 
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A.  Because  the  air  of  the  balloon  is 
expanded  by  the  flame,  till  every  part  is 
inflated  and  the  paper  made  smooth. 

Q.  Why  does  the  balloon  kise,  after  it  has 
been  inflated  by  the  expanded  air  ? 

A.  Because  the  same  quantity  of  air 
is  expanded  to  three  or  four  times  its 
original  volume ; and  made  so  much 
lighter,  that  even  when  all  the  paper, 
wire,  and  cotton  are  added,  it  is  still 
lighter  than  common  air. 

The  balloon  ascends  in  consequence  of  the  pressure  from  beneath 
of  the  heavier  cold  air  by  which  it  is  surrounded,  in  the  same  way 
as  the  hot  air  in  a chimney. 

Q.  Why  does  a smoke-jack  turn  round  in 
a chimney  ? 

A.  Because  the  current  of  hot  air  up 
the  chimney  (striking  against  the  oblique 
vanes  of  the  smoke-jack)  drives  them 
round : as  wind  drives  round  the  sails  of 
a mill. 

Q.  Which  expand  the  most  under  the  same 
degeee  of  heat- — gases,  liquids,  or  solids  ? 

A.  Gases : all  of  which  expand  in 
the  same  ratio  from  heat. 

Q.  What  degree  of  expansion  in  gases  is 
caused  ly  heat  ? 
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A.  481  degrees  of  heat  will  make  a 
volume  of  gas  twice  as  large  as  it  was 
before. 

Q.  What  is  the  difference  between  a vapour 
and  a gas  ? 

A.  A vapour  is  an  elastic  aeriform 
fluid,  which  may  readily  be  converted 
into  a liquid  or  solid  merely  by  change  of 
temperature. 

A gas  is  an  elastic  aeriform  fluid, 
which  cannot  be  made  to  change  its 
state,  except  by  the  application  of 
artificial  pressure  and  intense  cold. 

Carbonic  acid  gas  has  even  been  converted  into  the  solid  form  by 
tbe  use  of  these  means. 

The  vapour  produced  by  the  boiling  of  water  is  called  steam. 

Q.  What  would  gases  he  at  yery  low  tem- 
peratures ? 

A.  All  gases  would  probably  be 
liquid  at  extremely  low  temperatures ; but 
the  most  intense  cold  hitherto  artificially 
produced,  has  not  been  sufficient  to  re® 
duce  some  of  the  gases  to  a liquid  state. 

Gases  which  cannot  by  our  present  means  be  brought  into  the 
liquid  form,  are  called  “ permanent to  distinguish  them  from 
vapours. 

Q.  Why  are  some  things  solid,  others 
liquid,  and  others  gaseous  ? 
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A.  Because  the  particles  which  com- 
pose some  things  are  nearer  together 
than  they  are  in  others. — Those  in  which 
the  particles  are  closest  are  solid ; those 
in  which  they  are  furthest  apart  are 
gaseous ; and  the  rest  liquid. 

Q.  Why  does  heat  change  a solid  ( like  ice) 
first  into  a liquid,  and  then  into  a gas  ? 

A.  Because  it  drives  the  component 
particles  further  asunder  ; hence  a certain 
quantity  of  heat  changes  solid  ice  into  a 
liquid, — and  a further  addition  of  heat 
changes  the  liquid  into  steam. 

Q.  Why  does  water  simmer  before  it  boils  ? 

A.  Because  the  particles  of  water 
near  the  bottom  of  the  kettle  (being  formed 
into  steam  sooner  than  the  rest)  shoot 
upwards : but  are  condensed  again  by 
the  colder  surface  of  the  water,  and  pro- 
duce what  is  called  “ simmering.” 

Q.  What  is  meant  by  simmering  ? 

A.  A gentle  tremor  or  undulation  on 
the  surface  of  hot  water.  When  water 
simmers,  the  bubbles  collapse  beneath  the 
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surface , and  the  steam  is  condensed  to 
water  again;  but  when  water  boils , the 
bubbles  rise  through  the  surface,  and  the 
steam,  is  thrown  off. 

Q.  Why  does  a kettle  sing,  when  the 
water  simmers  ? 

A.  Because  the  entangled  air  escapes 
by  fits  and  starts  from  the  surface  of 
the  water;  producing  the  noise  called 
“ singing.” 

Q.  Why  does  NOT  a kettle  sing,  when  the 
water  boils  ? 

A.  Because  all  the  water  is  boiling 
hot ; so  the  steam  escapes  in  large  quan- 
tities from  the  entire  surface,  and  not  by 
fits  and  starts. 

Q.  When  does  a Jcettle  sing  most  ? 

A.  When  it  is  set  on  a hob  to  boil. 

Q.  Why  does  a kettle  sing  more,  when  it 
is  set  on  the  side  of  a fire,  than  when  it  is  set  in 
the  midst  of  a fire  ? 

A.  Because  the  heat  is  applied  un- 
equally, and  one  side  being  made  hotter 
than  the  other,  the  water  takes  longer 
time  to  boil. 
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Q.  Why  does  a kettle  sing,  when  the 
loiling  water  begins  to  cool  again  ? 

A.  Because  the  upper  surface  cools 
first;  and  the  steam  (which  rises  from 
the  lower  part  of  the  kettle)  is  again 
partially  condensed,  and  escapes  by  fits 
and  starts. 

Q.  Why  does  boiling  water  increase  in 
bulk? 

A.  Because  it  is  expanded  by  the  heat : 
i.e. — The  heat  of  the  fire  drives  the 
particles  of  water  further  apart  from  each 
other : and  (as  they  are  not  packed  so 
closely  together)  they  take  up  more  room. 

Q.  What  is  meant  when  it  is  said , “ that 
heat  drives  the  particles  of  water  further 
apart  from  each  other  ? 99 

A.  Water  is  composed  of  little  glo- 
bules, like  very  small  grains  of  sand : 
the  heat  drives  these  particles  apart  from 
each  other,  and  (as  they  then  require 
more  room)  the  water  increases  in  bulk. 

Q.  Why  does  boiling  water  rtjbble  ? 

A.  Because  the  heated  air  and  vapour 
(rising  through  the  water)  force  up  bub- 
bles in  their  effort  to  escape. 
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Q.  Why  does  a kettle  sometimes  boil  over? 

A.  Because  the  water  is  expanded  by 
heat : if,  therefore,  a kettle  is  filled  with 
cold  water,  some  of  it  must  run  over,  as 
soon  as  it  is  expanded  by  heat. 


Q.  But  I have  seen  a kettle  boil  over, 
although  it  has  not  been  filled  lull  of  water ; 
how  do  you  account  for  this  ? 

A.  If  a fire  be  fierce,  the  air  and 
vapour  are  expelled  so  rapidly,  that  the 
bubbles  are  very  numerous;  and  since 
these  carry  portions  of  the  water  with 
them,  some  of  it  runs  over. 


Elowing,  while  the  water  was  lotting  hot)  not 
EULL,  after  it  has  been  taken  off  the  fire  for  a 
short  time  ? 


A.  Because  (while  the  water  is  boil- 
ing) it  is  expanded  by  the  heat,  and  fills 
the  pot  even  to  overflowing;  hut,  when  j 
it  becomes  cool,  it  contracts  again,  and  ! 
occupies  a less  space. 

The  cooling  of  the  water  prevents  any  further  escape  of  steam; 
and  the  generation  of  steam  is  one  cause  of  the  expansion  of  hot 
water. 


Q.  Why  does  the  water  of  a kettle  some- 
times run  out  of  the  spout  when  it  boils  ? 

A.  Because  when  the  lid  fits  tightly, 
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the  steam  cannot  lift  it  up  and  escape ; 
being  confined,  therefore,  in  the  kettle, 
it  presses  on  the  water  and  forces  it  out 
of  the  spout. 

Q.  What  causes  the  battling  noise,  often 
made  by  the  lid  of  a saucepan  or  boiler? 

A.  The  steam  (seeking  to  escape) 
forces  up  the  lid  of  the  boiler,  and  the 
weight  of  the  lid  carries  it  hack  again ; 
this  being  done  frequently,  produces  a 
rattling  noise. 

Q.  If  the  steam  could  not  lift  up  the  lid 
of  the  boiler,  how  would  it  escape  ? 

A.  If  the  lid  fitted  so  tightly,  that 
the  steam  could  not  raise  it  up,  the 
boiler  would  burst,  and  the  consequences 
might  be  serious. 

Q.  When  steam  pours  out  from  the  spout  of 
a Tcettle , the  stream  begins  apparently  half  an 
inch  off  the  spout  ; why  does  it  not  begin  close 
to  the  spout  ? 

A.  Steam  is  really  invisible ; and  the 
half-inch  (between  the  spout  and  the 
“ stream  of  mist”)  is  the  real  steam,  before 
it  has  been  condensed  by  the  air. 

Q.  Why  is  not  all  the  steam  invisible, 
as  well  as  that  half -inch  ? 
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A.  Because  the  invisible  particles  are 
condensed  by  the  cold  air ; and,  rolling 
one  into  another,  look  like  mist. 

Q.  What  becomes  of  the  steam,  for  it 
soon  vanishes  ? 

A.  After  it  has  been  condensed  into 
mist,  it  is  dissolved  by  the  air  and  dis- 
persed abroad  as  invisible  vapour. 

Q.  And  what  be  come  is  of  the  invisible 
vapour  ? 

A.  Being  lighter  than  air,  it  ascends 
to  the  upper  regions  of  the  atmosphere, 
where  (being  again  condensed ) it  contri- 
butes to  form  clouds. 

Every  portion  of  the  atmosphere  contains  more  or  less  invisible 
vapour,  varying  from  day  to  day  with  the  state  of  the  weather. 

Q.  Why  does  a metal  spoon  (left  in  a 
saucepan)  retard  the  process  of  boiling  ? 

A.  Because  the  metal  spoon  (being 
an  excellent  conductor)  carries  off  the  heat 
from  the  water;  and  (as  heat  is  carried 
off  by  the  spoon)  the  water  takes  a 
longer  time  to  boil. 

Q.  Why  will  a pot  (filled  with  water)  never 
boil,  when  immersed  in  another  vessel  full  of 
water  also  ? 

A Because  water  contained  in  aD 
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open  vessel  can  never  be  heated  above 
the  boiling  point ; all  the  heat  absorbed 
by  water  after  it  boils,  is  employed  in 
generating  steam. 

Q,  How  does  the  conversion  of  water  into 
steam,  prevent  the  inner  pot  from  boiling  ? 

A.  Directly  the  water  in  the  larger 
pot  is  boiling  hot  (or  212°,)  steam  is  formed 
and  carries  off  some  of  its  heat ; therefore, 
212  degs.  of  heat  can  never  pass  through 
it,  to  raise  the  inner  vessel  to  boiling  heat \ 

Q.  Why  do  sugar,  salt,  Sfc.,  retard  the 
•process  of  boiling  ? 

A.  Because  they  increase  the  density 
of  water;  and  whatever  increases  the 
density  of  a fluid  retards  its  boiling. 

Q.  If  you  want  water  to  boil  without  coming 
in  contact  with  a saucepan,  what  plan  must  be 
adopted  ? 

A.  Vve  must  immerse  the  pot  (con- 
taining the  water  to  be  boiled)  in  a sauce- 
pan containing  strong  brine  or  sugar. 

Q.  Why  would  the  inner  vessel  boil  if  the 
outer  vessel  contained  strong  brine  ? 

A.  Because  brine  will  not  boil,  till  it 
is  raised  to  218  or  220  degs  Therefore, 

u 
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212  degs.  of  heat  may  easily  pass  through 
it,  to  raise  the  vessel  immersed  in  it  to 
boiling  heat. 

Q.  Why  will  brine  impart  to  another  vessel 
moke  than  212°,  and  water  not  so  much  ? 

A.  Because  no  liquid  can  impart  so 
high  a degree  of  heat,  as  its  own  boiling 
temperature:  As  water  boils  at  212°,  it 
cannot  impart  212°  of  heat:  hut,  as  brine 
will  not  boil  without  218°  of  heat,  it  can 
impart  enough  to  make  water  boil. 

Q.  Why  can  liquids  impart  no  extea  heat, 
after  they  boil  ? 

A.  Because  all  extra  heat  is  spent  in 
making  steam.  Hence  water  will  not  boil 
a vessel  of  water  immersed  in  it,  because 
it  cannot  impart  to  it  212  degs.  of  heat; 
but  brine  will,  because  it  can  impart  more 
than  212  degs.  of  heat,  before  it  is  itself 
converted  into  steam. 


Ether  boils  at  about  • 96  degs. 

Alcohol  . . . 176  ,, 

Water  . . . 212  „ 

Water,  with  one-fifth 
salt  ....  219  „ 


Syrup  boils  at  . . 221  degs 

Oil  of  turpentine  . 316  „ 

Sulphuric  acid  . . 472  „ 

Linseed  oil  . . 640  „ 

Mercury  . . . 662  ,, 


Any  liquid  which  boils  at  a lower  degree  can  be  made  to  boil,  if 
immersed  in  a liquid  which  boils  at  a higher  degree.  Thus  a cup 
of  ether  can  be  made  to  boil  in  a saucepan  of  water.  A cup  of 
water,  in  a saucepan  of  brine  or  syrup.  But  a cup  of  water  will 
not  boil,  if  immersed  in  ether  ; nor  a cup  of  syrup,  in  water , 
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Q.  Why  are  clouds  higher  on  a fine  day  ? 

A.  Because  they  are  lighter,  and 
more  buoyant. 

Q.  Why  are  clouds  lighter  on  a fine  day  ? 

A.  1st — Because  the  vapour  of  the 
clouds  is  less  condensed ; and 

2ndly — The  air  itself  (on  a fine  day)  re- 
sins more  of  its  vapour  in  an  invisible  form. 

Q.  Why  is  a cup  put  inverted  into  a fruit 
pie? 

A.  Its  principal  use  is  to  hold  the 
crust  up  and  prevent  it  from  sinking,  when 
the  cooked  fruit  gives  way  under  it. 

Q.  Does  not  the  cup  prevent  the  fruit  of 
the  pie  from  boiling  over  ? 

A No ; it  will  rather  tend  to  make 
it  boil  over,  as  there  will  be  less  room 
in  the  dish. 

Q.  Dap  lain  this. 

A.  "When  a pie  is  put  into  an  oven, 
the  air  in  the  cup  will  begin  to  expand,  and 
drive  every  particle  of  juice  from  under 
it ; in  consequence  of  which,  the  pie-dish 
will  have  a cup-full  less  room  to  hold  its 
fruit  in,  than  if  the  cup  were  taken  out. 

Some  of  the  heated  air  is  driven  from  the  cup,  and  escapes  in 

M 2 


124 


EFFECTS  OF  HEAT. 


bubbles  through  the  juice,  and  out  of  the  pie  altogether.  The  place 
of  this  is  occupied  by  juice  when  the  pie  cools. 

Q.  If  the  juice  is  driven  out  of  the  cup  ; 
why  is  the  cup  always  pull  of  juice,  when  the 
pie  is  cut  up  ? 

A.  Because  immediately  the  pie  is 
“ drawn,”  the  air  in  the  cup  begins  to 
contract  again,  and  occupy  a smaller  space. 
and  as  the  cup  is  no  longer  full  of  air, 
juice  rushes  in  to  occupy  the  void. 

Q.  Why  does  juice  rush  into  the  cup,  when 
the  cup  is  NOT  FULL  of  AIB  ? 

A.  Because  the  external  air  presses 
upon  the  surface  of  the  juice,  which  rushes 
unobstructed  into  the  cup : as  mercury 
rises  through  the  tube  of  a barometer. 

N.B. — Since  the  juice  of  the  pie  runs  into  the  cup,  as  soon  as  it  is 
taken  out  of  the  oven,  the  cup  presents  the  juice  from  being  spilt 
over  the  crust , when  the  pie  is  carried  about  from  place  to  place, 
although  it  does  not  prevent  the  fruit  from  boiling  over. 


CHAPTER  X. 


EXPANSION  FROM  HEAT. 

(Continued.) 

Q.  Does  heat  expand  every  thing  else, 
besides  air  and  water? 
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A.  Yes : every  thing  (that  man  is 
acquainted  with)  is  expanded  by  heat. 

Q.  Why  does  a cooper  heat  his  hoops 
bed-hot,  when  he  puts  them  on  a tub  t 

A.  1st — As  iron  expands  by  heat,  the 
hoops  will  be  larger  when  they  are  red- 
hot  : in  consequence  of  which,  they  will 
fit  on  the  tub  more  easily : and 

Sndly — As  iron  contracts  by  cold,  the 
hoops  will  shrink  as  they  cool  down,  and 
girt  the  tub  with  a tighter  grasp. 

Q.  Why  does  a wheelwright  make  the 
iron  hoop  or  “tire”  bed-hot,  which  he  fixes  on  a 

WHEEL  ? 

A.  1st — That  it  may  fit  on  more 
easily;  and 

Sndly — That  it  may  girt  the  wheel 
more  tightly. 

Q.  Why  will  a wheelwright's  hoop  eit  the 
wheel  MOBE  EASILY,  for  being  made  bed-hot  ? 

A.  Because  it  will  be  expanded  by 
the  heat ; and  (being  larger)  will  go  on 
the  wheel  more  easily. 

Q.  Why  will  the  hoops,  which  have  leen 
put  on  hot,  girt  the  wheel  more  firmly  ? 
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A.  Because  they  will  shrink  as  they 
cool ; and,  therefore,  girt  the  wheel  with  a 
tighter  grasp. 

Q.  Why  does  a stove  make  a crackling 
noise,  when  a fire  is  very  hot  ? 

A.  Because  it  expands  from  the  heat; 
and  the  parts  of  the  stove  rubbing 
against  each  other,  or  driving  against 
the  bricks,  produce  a crackling  noise. 

Q.  Why  does  a stove  make  a similar  crack- 
lino  noise,  when  a large  fire  is  taken  down  ? 

A.  Because  it  contracts  again,  when 
the  fire  is  removed ; in  consequence  of 
which,  the  parts  rub  against  each  other 
again,  and  their  connection  with  the 
bricks  is  again  disturbed. 

Q.  Why  does  the  plaster  round  a stove 
crack  and  fall  away  ? 

A.  Because  (when  the  fire  is  lighted) 
the  iron-ivork  expands  more  than  the 
brick-work  and  plaster,  and  pushes  them 
Mvay  ; hut  (when  the  fire  is  put  out)  the 
metal  shrinks  again,  and  leaves  the 
“ setting”  behind. 

The  “ setting”  is  a technical  word  for  the  plaster,  &c.,  in  imme- 
diate contact  with  the  stoye. 
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Q.  TVhy  does  the  plaster  fall  awat  ? 

A.  As  a chink  is  left  (between  the 
“setting”  and  the  stove),  the  plaster 
will  frequently  fall  away  from  its  own 
weight. 

Q.  What  otheb  cause  contributes  to  being 

the  PLASTEE  DOWN  ? 

A.  As  the  heat  of  the  fire  varies,  the 
size  of  the  iron  stove  varies  also ; and  this 
expanding  and  contracting  keep  up  such 
a constant  disturbance  about  the  plaster, 
that  it  cracks  and  falls  off. 

Q.  Why  does  the  meecuby  of  a thebmome- 

TEE  eise  in  hot  weather  ? 

A.  Because  heat  expands  the  metal , 
which  (being  increased  in  bulk)  occupies 
a larger  space ; and,  consequently,  rises 
higher  in  the  tube. 

Q.  Why  is  a glass  beoken,  when  hot 
watee  is  poured  into  it  ? 

A.  Because  the  inside  of  the  glass 
is  suddenly  more  expanded  by  the  hot 
water  than  the  outside ; and  in  conse- 
quence of  this  unequal  expansion  the 
glass  snaps 
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Q.  Why  is  not  the  outside  of  the  glass 
expanded  by  hot  water,  as  much  as  the  inside  ? 

A.  Because  glass  is  a bad  conductor 
of  heat,  and  breaks  before  the  heat  of  the 
inner  surface  is  conducted  to  the  outside. 

Q.  Why  does  a glass  snap , because  the  inner 

surface  is  hotter  than  the  outer  ? 

A.  Because  the  inner  surface  is 
expanded,  and  not  the  outer:  in  conse- 
quence of  which,  an  opposing  force  is 
created  which  breaks  the  glass. 

Q.  Why  is  a china  cup  broken,  if  hot 
water  be  poured  over  it,  or  into  it  ? 

A.  Because  china  is  a bad  conductor ; 
and  (as  the  inner  surface  expands  from 
the  heat  more  than  the  outer,)  an  opposing 
force  is  created,  which  breaks  the  cup. 

Q.  If  a glass  bealcer  be  set  on  a warm  hob, 
why  does  the  bottom  come  oee  ? 

A.  Because  glass  is  a bad  conductor; 
and  (as  the  bottom,  of  the  glass  expands 
from  the  warmth  of  the  hot  stove,  before 
the  sides  are  heated)  the  two  parts  separate 
from  each  other. 
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CHAPTER  XL 


2. — LIQUEFACTION. 

3. — VAPORIZATION. 

Q.  What  is  meant  ly  liquefaction  ? 

A.  The  conversion  of  a solid  into  a 
liquid  by  the  agency  of  heat : as  solid 
ice  is  converted  into  water  by  the  heat 
of  the  sun. 

Q.  Why  is  ice  melted  ly  the  heat  of  the 
sun  ? 

A.  Because  the  heat  of  the  sun  forces 
its  particles  asunder ; till  their  attraction 
of  cohesion  is  sufficiently  overcome,  to 
convert  the  solid  ice  into  a liquid. 

See  p.  115. 

Q Why  are  metals  melted  ly  the  heat 

Of  EIRE  ? 

A.  Because  the  heat  of  the  fire  forces 
their  particles  asunder ; till  their  attrac- 
tion of  cohesion  is  sufficiently  overcome, 
to  convert  the  solid  metal  into  a liquid. 

Q.  Why  is  wateb  converted  into  steam  by 
the  heat  of  the  fibe  ? 

A.  Because  the  heat  of  the  fire 
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separates  its  globules  into  very  minute 
bubbles  ; which  (being  lighter  than  air)  fly 
off  from  the  surface  in  the  form  of  steam. 

Q.  Why  does  not  wood  melt  like  metal  ? 

A.  Because  the  heat  of  the  fire 
decomposes  the  wood  into  gas,  smoke,  and 
ashes;  and  the  different  parts  separate 
from  each  other. 

Q.  What  is  meant  by  vaporization  ? 

A.  The  conversion  of  a solid  or  liquid 
into  vapour:  as  snow  or  water  is  con- 
verted into  vapour  by  the  heat  of  the  sun. 

Q.  What  are  clouds  ? 

A.  Moisture  evaporated  from  the  earth, 
and  again  partially  condensed  in  the  upper 
regions  of  the  air. 

Q.  What  is  the  difference  "between  a ioa 
and  a cloud  ? 

A.  Clouds  and  fogs  differ  only  in  one 
respect.  Clouds  are  elevated  above  our 
heads : but  fogs  come  in  contact  with  the 
surface  of  the  earth. 

Q.  Why  do  clouds  float  so  readily  in  the 
air  ? 

A.  Because  they  are  composed  of 
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very  minute  globules  (called  ves'cicles) ; 
which  (being  lighter  than  air)  float,  like 
soap  bubbles. 

Q.  Why  does  vapoub  sometimes  form  into 
clouds,  and  sometimes  rest  upon  the  earth  as 

mist  or  fog  ? 

A.  This  depends  on  the  temperature  of 
the  air.  When  the  surface  of  the  earth  is 
warmer  than  the  lower  air,  the  vapour  of 
the  earth  (being  condensed  by  the  chill 
air)  becomes  mist  or  fog.  But,  when  the 
lower  air  is  warmer  than  the  earth,  the 
vapour  rises  through  the  air,  and  becomes 
cloud. 

Q.  Are  all  clouds  alike  ? 

A.  No.  They  vary  greatly  in  density, 
height,  and  colour. 

Q.  What  is  the  chief  cause  of  fog  and  clouds  ? 

A.  The  changes  of  the  wind. 

Many  local  circumstances  also  favour  the  formation  of  clouds. 

Q.  How  can  the  changes  of  the  wind 
afect  the  clouds  ? 

A.  If  a cold  current  of  wind  blows 
suddenly  over  any  region,  it  condenses  the 
invisible  vapour  of  the  air  into  cloud  or 
rain:  but  if  a warm  current  of  wind 
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blows  over  any  region,  it  disperses  the 
clouds,  by  absorbing  the  vapour. 

Q.  What  countries  are  the  most  cloudy? 

A.  Those  where  the  winds  are  most 
variable,  as  Britain. 

Q.  What  countries  are  the  least  cloudy  ? 

A.  Those  where  the  winds  are  least 
variable,  as  Egypt. 

Q.  What  distance  are  the  clouds  from 
the  eaeth  ? 

A.  Some  thin  light  clouds  are  elevated 
above  the  highest  mountain  top ; some 
heavy  ones  touch  the  steeples,  trees,  and 
even  the  earth : but  the  average  height 
is  between  one  and  two  miles. 

N.B. — Streaky  curling  clouds  like  hair,  are  often  5 or  6 miles  high. 

Q.  What  clouds  are  the  lowest  ? 

A.  Those  which  are  most  highly  elec- 
trified : lightning  clouds  are  rarely  more 
than  about  700  yards  above  the  ground; 
and  often  actually  touch  the  earth  with 
one  of  their  edges. 

Q.  What  is  the  size  of  the  clouds? 

A.  Some  clouds  are  20  square  miles 
in  surface,  and  above  a mile  in  thickness ; 
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while  others  are  only  a few  yards  or 

inches. 

Q.  How  can  persons  ascertain  the  thick- 
ness of  a cloud? 

A.  As  the  tops  of  high  mountains  are 
generally  above  the  clouds,  travellers  may 
pass  quite  through  them  into  a clear  blue 
firmament ; when  the  clouds  will  be  seen 
beneath  their  feet. 

Q.  What  produces  the  great  variety  in  the 
shape  of  the  clouds  ? 

A.  Three  things : 1st — The  cause 
and  manner  of  their  formation : 

Sndly — Their  electrical  condition : and 

3rdly — Their  relations  to  currents  of 

wind. 

Q.  How  can  electricity  affect  the  shape 
of  clouds  ? 

A.  If  one  cloud  be  full  of  electricity 
and  another  not,  they  will  be  attracted 
to  each  other,  and  either  coalesce, — 
diminish  in  size, — or  vanish  altogether 

Q.  "W” hat  clouds  assume  the  most  eantastio 
shapes  ? 

A.  Those  that  are  the  most  highly 
electrified. 

N 
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Q.  What  effect  have  winds  on  the  shape 
of  clouds  ? 

A.  They  sometimes  absorb  them  en- 
tirely : sometimes  increase  their  volume 
and  density;  and  sometimes  change  the 
position  of  their  parts. 

Q.  Sow  can  winds  absorb  clouds  altogether  ? 

A.  Warm  dry  ivinds  will  convert  the 
substance  of  clouds  into  invisible  vapour, 
which  they  will  carry  away  in  their  own 
current. 

Q.  Sow  can  winds  increase  the  lulJc  and 
density  of  clouds  ? 

A.  Gold  currents  of  wind  will  con- 
dense the  invisible  vapour  of  the  air,  and 
add  it  to  the  clouds  with  which  they  come 
in  contact. 

Q.  Sow  can  winds  change  the  shape  of 
clouds,  ly  altering  the  position  of  their  parts  ? 

A.  Clouds  are  so  voluble  and  light, 
that  every  breath  of  wind  changes  the 
position  of  their  ves'cicles  or  bubbles. 

Q.  What  are  the  general  colours  of  the 
clouds  ? 

A.  White  and  grey,  when  the  sun  is 
above  the  horizon : but  red,  orange,  and 
yellow,  at  sun-rise  and  sun-set. 

The  blue  sky  is  not  cloud  at  all* 
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Q.  Why  are  the  last  clouds  of  evening 
generally  of  a bed  tinge  ? 

A.  Because  the  red  rays,  being  less 
refrangible  than  the  yellow  or  blue  rays, 
remain  longest  in  sight,  as  the  surface 
of  the  earth  turns  away  from  the  sun. 


Every  beam  of  light  is  composed  of  three  coloured  rays,  blue, 
yellow,  and  red.  As  the  beam  passes  through  the  atmosphere  A, 
these  are  separated  from  each  other ; the  blue  being  drawn  most 
down,  the  yellow  next,  and  the  red  least.  As  the  earth  with  its 
clouds  and  atmosphere  turn  round  the  pole  P,  in  the  direction 
ACD,  any  given  cloud  would  pass  first  under  the  blue  rays  at 
B,  then  the  yellow  rays  at  Y,  and  then  the  red  rays  at  B ; and  be 
tinged  by  their  respective  colours.  An  observer  placed  at  E,  just 
as  he  was  turning  into  darkness  towards  C,  would  see  the  clouds 
tinged  red  at  B,  resting  upon  the  western  horizon. 

Q.  Why  are  the  eably  morning  clouds  gene- 
rally bed  ? 

A.  Because  the  red  rays,  being  less 
refrangible  than  the  yellow  or  blue  rays, 
come  soonest  into  sight,  as  the  surface 
of  the  earth  turns  into  daylight. 
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Suppose  the  earth  to  he  turning  in  the  direction  DC  A.  Then 
any  given  cloud  would  come  first  into  the  light  of  the  red  rays  R,  ; 
and  the  observer  at  E would  see  it  so  tinged  on  the  eastern  horizon, 
just  as  he  was  coming  into  daylight. 

Q.  What  is  the  cause  of  mo  tvs a twilight  ? 

A.  Some  of  the  rays  of  light  which 
strike  the  top  of  the  atmosphere,  are 
bent  down  while  the  sun  is  still  invisible 
beneath  the  horizon. 

Q.  What  is  the  cause  of  evening  twilight? 

A.  Some  of  the  rays  of  light  which 
strike  the  top  of  the  atmosphere,  are  bent 
down,  when  the  sun  has  sunk  out  of 
sight  beneath  the  horizon. 

Q.  Why  is  not  the  colour  of  clouds  always 
ALIKE  ? 

A.  Because  the  condition  of  the 
atmosphere  is  continually  varying,  as  also 
the  size,  density,  and  relative  position  of 
the  clouds  with  regard  to  the  sun : so 
that  sometimes  one  colour  is  reflected, 
and  sometimes  another. 

Q.  What  regulates  the  motion  of  the  clouds  ? 

A.  Principally  the  winds  ; but  some- 
times electricity  will  influence  their  mo- 
tion also. 
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Q.  How  do  you  'know  that  clouds  move  by 
other  influences  besides  wind  ? 

A.  Because  (in  calm  weather),  we 
often  see  small  clouds  meeting  each  other 
from  opposite  directions. 

Q.  How  do  you  know  that  electricity 
affects  the  motions  of  the  clouds  ? 

A.  Because  clouds  often  meet  from 
opposite  directions ; and,  having  dis- 
charged their  opposite  electricities  into 
each  other,  vanish  altogether. 

Q.  Into  how  many  classes  are  the  different 
sorts  of  clouds  generally  divided  ? 

A.  Into  three  classes  : — viz.  Simple, 
intermediate,  and  Compound. 

Q.  How  are  simple  clouds  sub-divided  ? 

A.  Into  1. — Cirrus;  2. — Cumulus; 
and  3. — Stra'tus  clouds. 

Q,.  What  sort  of  clouds  are  called  cntiurs  ? 

A.  Clouds  like  fibres,  loose  hair,  or 
thin  strealcs,  are  called  “ cirrus  clouds.” 

Q.  Why  are  these  clouds  called  cieetts  ? 

A.  From  the  Latin  word  cirrus  (“  a 
lock  of  hair,  or  curl”) : Cirrus  clouds  are 
the  most  elevated  of  all. 
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Q.  What  do  ennuis  clouds  portekd  ? 

A.  Fine  weather.  Whenever  cirrus 
clouds  appear,  there  is  hut  little  moisture 
in  the  air,  and  this  is  only  slowly  con- 
densed in  the  higher  regions  of  the 
atmosphere. 

Q.  What  sort  of  clouds  are  called  cum' ulus  ? 

A.  Cum'ulus  cloud  are  lumps,  like 
great  sugar  loaves , — volumes  of  smoke, — 
or  mountains  towering  over  mountains. 

Q.  Why  are  these  monster  masses  called 
cum'ulus  clouds  ? 

A.  From  the  Latin  word  cum'ulus 
(“  a mass  or  pile.”) 

Q.  What  do  cum'ulus  clouds  pokeshow  ? 

A.  When  these  piles  of  cloud  are 
fleecy,  and  sail  against  the  wind,  they 
indicate  rain  ; but  when  their  outline  is 
very  hard,  and  they  come  up  with  the 
wind,  they  foretell  fine  weather. 

Cum'ulus  clouds  should  he  smaller  towards  evening  than  they 
are  at  noon.  If  they  increase  in  size  at  sun-set,  a thunder  storm 
* may  be  expected  in  the  night. 

Q.  What  sort  of  clouds  are  called  stra'tus  ? 

A.  Creeping  mists,  especially  preva- 
lent in  a summer’s  evening : these  clouds 
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rise  at  sun-set  in  low  damp  places ; and 
are  always  nearer  the  earth,  than  any 
other  sort  of  cloud. 

Q.  Why  are  these  mists  called  stratus  clouds  ? 

A.  From  the  Latin  word  stratus 
(“  laid  low,”  or  “ that  which  lies  low.”) 

Q.  What  produce  cirrus  clouds  ? 

A.  Moisture  in  a visible  form,  de- 
posited in  the  higher  regions  of  the 
atmosphere  from  ascending  currents  of 
heated  air. 

Q.  What  produce  cumulus  clouds  ? 

A.  Masses  of  visible  vapour  passing 
from  the  places  where  they  were  formed, 
to  other  places  where  they  are  about 
to  be  either  dissolved,  or  deposited  as 
falling  rain. 

Q.  What  produce  stratus  clouds? 

A.  Beds  of  visible  moisture,  formed 
by  some  chilling  effects,  acting  along  the 
direct  surface  of  the  earth. 

Q.  How  are  the  intermediate  clouds  sub- 
divided ? 

A.  Into  two  sorts.  1. — The  Cirro- 
Cumulus  j and  2. — The  Cirro-Stratus. 
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Q.  What  are  cirro-cumulus  clouds  f 

A.  Cirro-Cumulus  clouds  are  cirrus 
clouds  springing  from  a massy  centre ; or 
heavy  masses,  edged  with  long  streaks, 
generally  called  “ mares’  tails.” 

A system  of  small  round  clouds  may  be  called  cirro-cum'ulus. 

Q.  What  do  cirro-CUM'ulus  clouds  gene - 
rally  forebode  ? 

A.  Continued  drought,  or  hot  dry 
weather. 

Q.  What  are  cirro-stra'tus  clouds  ? 

A.  They  compose  what  is  generally 
called  a “ mackarel  sky.”  This  class  of 
clouds  invariably  indicates  rain  and  wind  ; 
hence  the  proverb — 

“Mackarels’  scales  and  mares’  tails 
Make  lofty  ships  to  carry  low  sails.” 

Q.  What  produce  cirro-CUm'ulus  clouds? 

A.  Cumulus  clouds  dissolving  away 
into  cirrus  produce  the  intermediate  class, 
called  cirro-cum'ulus. 

Q.  What  produce  cirro-stra'tus  clouds  ? 

A.  Cirrus  clouds  accumulating  into 
denser  masses  produce  the  intermediate 
class,  called  cirro-stratus. 

Q.  How  are  compound  clouds  sub-divided  ? 
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A.  Compound  clouds  are  sub-divided 
into  2 sorts.  1. — The  Cum'ulo-Stra'tus ; 
and  2. — The  Nimbus  clouds. 

Q.  What  is  meant  by  cum'ulo- stratus 
clouds  ? 

A.  Those  clouds,  which  assume  all 
sorts  of  gigantic  forms ; such  as  vast 
towers  and  rocks, — huge  whales  and 
dragons, — scenes  of  battles, — and  cloudy 
giants.  This  class  of  clouds  is  the  most 
romantic  and  strange  of  all. 

Q.  What  do  the  cuhulo-stratus  clouds 

FORETELL  F 

A.  A change  of  weather  ; either  from 
fine  to  rain,  or  from  rain  to  fine. 

Q.  What  are  nimbus  clouds  ? 

A.  All  clouds  from  which  rain  falls. 
Nimbus  is  the  Latin  word  for  “ clouds 
which  bring  a storm.” 

Q.  By  what  particular  character  may  the 
nimbus  (or  rain-cloud ) he  at  once  distinguished  ? 

A.  By  the  want  of  a defined  outline : 
Its  edge  is  gradually  shaded  off  from  the 
deep  grey  mass  into  transparency. 

Q.  What  appearance  takes  place  in  the 
clouds , at  the  approach  of  rain  ? 
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A,  The  cumulus  cloud  becomes  sta- 
tionary, and  cirrus  streaks  settle  upon  it, 
forming  cum'ulo-stra'tus  clouds ; black 
at  first,  but  afterwards  of  a grey  colour. 

Q.  Why  do  clouds  gather  round  mountain 
tops  ? 

A.  Because  the  air  (being  chilled  by 
the  cold  mountain  tops)  deposits  its 
vapour  there,  in  a visible  form  or  cloud. 

Q.  W hat  are  the  uses  of  clouds  ? 

A.  1st — They  act  as  screens,  to 
arrest  the  radiation  of  heat  from  the 
earth ; 

2ndly — They  temper  the  heat  of  the 
suns  rays  ; and 

3rdly — They  are  the  great  store-houses 
of  rain. 

Radiation  of  heat,”  i.e.  the  escape  of  heat,  when  no  conductor 
carries  it  away. 

Q.  Why  is  wind  said  to  blow  up  the  clouds  ? 

A.  Because  a dry  warm  wind  (which 
has  travelled  over  seas)  having  absorbed 
a large  quantity  of  moisture,  deposits 
some  of  it  in  the  visible  form  of  clouds, 
as  soon  as  it  reaches  a colder  region  of 
air. 
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Q.  Why  does  wind  sometimes  drive  away 
the  clouds  ? 

A.  Because  it  has  travelled  over  dry 
climes  or  thirsty  deserts,  and  become  so 
dry,  that  it  absorbs  vapour  from  the 
clouds,  and  causes  them  to  disappear. 

Q.  What  is  the  cause  of  a red  sunset? 

A.  The  vapour  of  the  air  not  being 
actually  condensed  into  clouds,  but  only 
on  the  point  of  being  condensed. 

Q.  Why  is  a bed  sunset  an  indication  of  a 
fine  day  to-morrow  ? 

A.  Because  the  vapours  of  the  earth 
are  not  condensed  into  clouds,  even  by  the 
cold  of  sunset.  Our  Lord  referred  to 
this  prognostic  in  the  following  words : 
“ When  it  is  evening  ye  say  it  will 
be  fair  weather,  for  the  sky  is  red.” 
(Matt.  xvi.  2.) 

Q.  What  is  the  cause  of  a coppery  yellow 
SUN-SET  ? 

A.  The  vapour  of  the  air  being 
actually  condensed  into  clouds. 

Q.  Why  do  vapours  (NOT  actually  condensed ) 
refract  red  rays,  while  condensed  vapour  refracts 
yellow  1 ♦ 
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A.  Because  the  beams  of  light  meet 
with  very  little  resistance;  in  conse- 
quence of  which,  those  rays  are  bent 
down  to  the  eye,  which  require  the  least 
refraction,  such  as  red. 

See  figure  on  p.  135,  where  it  is  evident  that  the  red  ray  A It,  is 
less  bent,  than  the  yellow  and  blue  rays,  A Y,  A B. 

Q.  Why  do  condensed  vapours  refract 
yellow  rays , whereas  vapours  not  actually  con- 
densed refract  red  ? 

A.  Because  the  beams  of  light  meet 
with  more  resistance  from  the  condensed 
vapour;  in  consequence  of  which,  those 
rays  are  bent  down  to  the  eye,  which 
are  more  refracted  than  the  red,  such  as 
yellow. 

See  figure  on  p.  135,  where  it  is  evident  that  the  yellow  ray 
AY,  is  more  bent  than  the  red  ray,  AR. 

Q.  Why  is  a yellow  sun-set  an  indication 

of  WET? 

A.  Because  it  shows  that  the  vapours 
of  the  air  are  already  condensed  into 
clouds;  rain,  therefore,  may  be  shortly 
expected. 

Q.  What  is  the  cause  of  a bed  sun'-  risk  ? 

A.  Vapour  in  the  upper  region  of  the 
air  just  on  the  point  of  being  condensed. 
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Q.  Why  may  a red  and  lowering  shy  at  mor- 
ning he  an  indication  of  approaching  bain'/ 

A.  Because  the  density  of  the  air  is 
due  to  an  excess  of  vapour  at  the  point 
of  condensation ; hence  our  Lord’s  obser- 
vation, “ In  the  morning  ye  say,  it  will 
he  foul  weather  to-day,  for  the  sky  is  red 
and  lowering.”  (Matt.  xvi.  3.) 

Professor  Forbes  has  seen  a red  light  in  the  jet  of  steam  issuing 
from  the  valve  of  a locomotive,  where  it  is  just  becoming  visible 
from  condensation.  Professor  Griffiths  states,  that  the  red  and 
lowering  morning  sky,  which  indicates  foul  weather,  probably  de- 
pends upon  excess  of  vapour  in  the  atmosphere  : but  as  a general 
rule,  dry  air  is  less  transparent  than  moist,  and  red  rays  have  more 
power  to  pierce  through  a dense  atmosphere  : hence  the  sun  is  red 
at  rising  or  setting,  or  in  a fog. 

Q.  Why  is  a grey  sun-rise  often  indicative 
of  a eine  day  ? 

A.  Because  at  the  instant  of  sun- 
rise the  higher  regions  of  the  air  are 
comparatively  free  from  moisture,  and 
feeble  white  light  can  pass  through. 

Grey  is  only  white  in  a diluted  state. 

Q.  Why  is  a yellow  tint  in  the  sky  indicative 
of  the  approach  of  WET  ? 

A.  Because  it  shows  that  the  air  is 
moist.  Moist  air  is  more  transparent 
than  dry,  and  allows  yellow  rays,  which 
have  less  momentum  than  red,  to  pass 
through  as  well.  0 
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Q.  What  difference  (in  the  state  of  the  air\ 
is  required  to  make  a grey  and  red  sun-nse  ? 

A.  In  a grey  sun-rise  the  air  is 
sufficiently  clear  to  allow  the  three 
coloured  rays  to  pass  with  a feeble  degree 
of  intensity.  In  a red,  sun-rise,  the  air 
is  so  dense  that  it  stops  all  but  the  red 
rays.  Hence  the  proverb — 

“Evening  red  and  morning  grey, 

Will  set  the  traveller  on  his  way ; 

Rut  evening  grey  and  morning  red, 

Will  bring  down  rain  upon  his  head.” 

Q.  Why  is  the  sky  blue  ? 

A.  Because  the  iveak  blue  rays,  which 
are  reflected  upwards  from  the  earth, 
c,annot  get  through  the  air,  and  are 
therefore  sent  down  again. 

It  is,  properly,  the  air  which  is  blue.  Hence  the  sky  becomes 
of  a deeper  colour,  as  we  ascend  high  mountains. 

Q.  The  proverb  says , 66  Arainbow  in  the  mor- 

ning is  the  shepherd's  warning  IV hy  is  it  so  ? 

A.  Because  a morning  rainbow  must 
be  always  in  the  west ; and  indicates 
that  bad  weather  is  on  the  road  to  us. 

Q.  Why  mrfj$t  a morning  rainbow  be  always 
in  the  wist  ? 

A.  Because  the  sun  is  in  the  east; 
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and  a rainbow  can  be  formed  only  when 
the  rainy  clouds  are  opposite  to  the  sun. 

Q.  Why  does  a rainbow  in  the  west  indi- 
cate that  bad  weather  is  on  the  road  to  us  f 

A.  Because  our  heavy  rains  are 
usually  brought  by  west  or  south-west 
winds ; and  clouds  which  reflect  the 
colour  of  the  rainbow  in  the  ivest,  must 
be  coming  up  with  the  wind. 

This  will  not  be  true  if  the  wind  be  easterly. 

Q.  The  ■proverb  says , “ A kainbow  at  night 

is  the  shepherd's  delight Why  is  it  so  ? 

A.  Because  a rainbow  at  night  is  in 
the  cast ; and  indicates,  that  bad  weather 
is  leaving  us. 

Q.  Why  must  a rainbow  at  night  be  always 
in  the  east  ? 

A.  Because  the  sun  is  in  the  west ; 
and  a rainbow  can  be  formed  only  when 
the  rainy  clouds  are  opposite  to  the  sun. 

Q.  Why  does  a rainbow  in  the  east  indicate 
that  bad  weather  is  leaving  us? 

A.  Because  our  rain  is  generally 
brought  by  west  and  south-ivest  winds ; 
when,  therefore,  the  clouds  (which  reflect 
the  rainbow)  have  been  driven  from  the 
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west  to  the  east,  is  a plain  proof  that 
they  have  already  passed  over  us,  and 
are  going  away. 

This  will  not  be  true  if  the  wind  he  easterly. 

Q.  What  is  meant  by  an  aurora  borea'lis, 
or  northern  light  ? 

A.  A luminous  appearance  in  the  north 
of  the  sky  at  night-time.  Sometimes 
streaks  of  blue,  purple,  green,  red,  &c., 
and  sometimes  flashes  of  light  are  seen. 

As  these  streams  of  light  have  a tremulous  motion,  they  are  called 
in  the  Shetland  Isles,  “Merry  dancers.” 

Q.  Describe  the  appearance  of  the  Aurora 
Dorealis , visible  in  England  on  the  night  of 
November  17  th , 1848. 

A.  The  sky  overhead  seemed  in 
flames,  and  bands  of  various  colours  rose 
from  the  horizon  to  the  North  Star, 
forming  a luminous  arch.  This  magnifi- 
cent appearance  lasted  from  7 till  10 
o’clock  at  night. 

Q,.  Is  this  the  usual  appearance  of  the 
Aurora  Borealis  in  our  island ? 

A.  No.  It  is  generally  a luminous 
white  band  on  the  top  of  a pitchy  dark 
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cloud, — low  down  in  the  horizon, — and 
running  from  east  to  west  of  the  due 
north. 

Q.  What  is  the  cause  of  the  aueoea.  borea'- 
Iiis,  or  northern  light  ? 

A.  The  passage  of  electricity  through 
tne  higher  regions  of  the  atmosphere. 

Q.  Why  are  there  different  colours  in 
the  Aurora  Borealis,  such  as  white , yellow , red, 
and  purple  ? 

A.  Because  the  electric  fluid  passes 
through  air  of  different  densities.  The 
most  rarefied  air  produces  a ivhite  light ; 
the  most  dry  air,  red;  and  the  most 
damp  produces  yellow  streaks. 

Q.  Is  the  Aurora  Borealis  ever  accompanied 
by  sound  ? 

A.  Yes,  it  is  frequently  accompanied 
by  sounds  resembling  hissing,  murmur- 
ing,  rumbling,  or  crackling. 

When  its  coruscations  are  very  bright,  unsettled  weather  gene 
rally  follows ; but  in  1848  and  1849,  brilliant  displays  of  the  Aurora 
Borea'lis  were  followed  by  very  fine  weather. 

Q.  Why  does  a haze  round  the  SUN  indi- 
cate rain  ? 

A.  Because  the  haze  is  caused  by  very 
fine  rain , suspended  in  the  upper  regions  of 
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the  air ; when  this  is  the  case,  a rain  of 
5 or  6 hours  duration  may  be  expected. 

Q.  Why  is  a halo  round  the  moon  a sure 
indication  of  bain  ? 

A.  Because  it  is  caused  by  fine  rain, 
suspended  in  the  upper  regions  of  the  air. 
The  larger  the  halo,  the  nearer  the  rain- 
clouds,  and  the  sooner  may  rain  be  ex- 
pected. 

Q,.  What  is  the  cause  of  a black  mist  : and 
why  does  it  bring  wet  weather  ? 

A.  The  mist  is  black,  because  it  is 
overshadowed  by  dense  clouds ; and  wet 
weather  may  be  expected,  because  the 
air  is  saturated  with  vapour. 

Q.  Why  is  mist  sometimes  white  : and  why 
does  a white  mist  indicate  eine  weather  ? 

A.  The  mist  is  white,  because  no 
clouds  blacken  it  with  their  shadow  ; and 
fine  weather  may  be  expected,  because 
the  sky  is  cloudless. 

Q Why  do  we  feel  almost  suffocated  in 
a hot  cloudy  night  ? 

A.  Because  the  heat  of  the  earth 
cannot  escape  into  the  upper  region  of 
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the  air;  but  is  pent-in  by  the  clouds, 
and  confined  to  the  surface  of  the  earth. 

Q.  Why  do  we  feel  sprightly  in  a clear 
bright  night  ? 

A.  Because  the  heat  of  the  earth  can 
readily  escape  into  the  upper  regions  of 
the  air,  and  is  not  confined  or  pent-in 
by  thick  clouds. 

Q.  Why  do  we  feel  depbessed  in  spieits 
on  a wet  murky  day  ? 

A.  1st — Because  the  air  is  laden 
with  vapour,  and  has  (proportionally)  less 
oxygen. 

2ndly — The  air  being  lighter  than 
usual,  does  not  balance  the  air  in  our 
body:  and 

3rdly — Moist  air  has  a tendency  to 
depress  the  nervous  system. 

Q.  What  is  meant  by  the  “ air  balancing  the 
air  in  our  body  ?” 

A.  The  human  body  contains  air  of 
a given  density ; if,  therefore,  we  ascend 
into  rarer  air , or  descend  into  denser, 
the  balance  is  destroyed,  and  we  feel 
oppressed. 
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Q.  Why  do  we  feel  uncomfortable,  if  the 
air  around  is  not  of  the  same  density,  as  that  in 
our  body  ? 

A.  Because  if  the  air  be  more,  dense 
than  our  body,  it  will  produce  a feeling 
of  oppression;  if  it  be  less  dense,  the 
air  in  our  body  will  produce  a feeling  of 

distension. 

Q.  Why  do  persons , who  ascend  in  bal- 
loons, feel  pain  in  their  eyes , ears , and  chest  ? 

A.  Because  the  air  in  the  upper 
regions  of  the  atmosphere  is  more  rare 
than  the  air  in  their  bodies ; and  (till 
equilibrium  is  restored ) pain  will  be  felt  in 
the  more  sensitive  parts  of  the  body. 

More  especially  in  the  tympanum  of  the  ear. 

Q.  Why  do  persons, who  descend  diving- 
bells,  feel  pain  in  their  eyes,  ears,  and  chest  ? 

A.  Because  the  air  in  the  diving-bell 
is  compressed  by  the  upward  pressure  of 
the  water : in  consequence  of  which, 
great  pain  is  felt  in  the  more  sensitive 
parts  of  the  body. 

The  pressure  thus  caused  is  sometimes  sufficient  to  rupture  the  j 
membrane  of  the  tympanum,  and  produce  incurable  deafness. 

Q.  Why  are  pearl  diyers  very  frequently 

DEAF  ? 
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A.  Because  the  pressure  of  the  water 
against  the  tympanum  of  their  ears 
ruptures  the  membrane ; and  this  rup- 
ture produces  incurable  deafness. 

Q.  When  the  white  cloud  from  the  chimney 
of  a steam  engine  is  seen  trailing  a long  distance , 
why  may  rain  he  expected  ? 

A.  Because  the  air  is  unwilling  to 
absorb  any  more  moisture,  and  must  be 
already  nearly  saturated  with  it. 

Q-  At  what  hour  of  the  day  may  this  prog- 
nostic of  rain  he  most  certainly  depended  on  ? 

A.  When  it  is  seen  at  about  three  in 
the  afternoon,  a wet  evening  is  almost 
sure  to  follow. 

Q.  Whichis  the  more  dense,  MOisxor  dry  air  ? 

A.  Dry  air  is  the  densest.  The  weight 
of  the  atmosphere  almost  always  dimin- 
ishes as  the  fall  of  rain  approaches. 

Q.  When  are  sounds  loudest,  in  moist  or 
in  dux  weather  ? 

A.  All  sounds  are  loudest  in  dry  air, 
because  it  is  densest. 


The  sound  of  a bell  can  be  scarcely  heard,  when  it  is  rung' in  the 
receiver  of  an  air  pump.  And  the  report  of  a pistol  is  scarcely 
audible  on  the  top  of  a high  mountain. 
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Q.  Why  do  we  feel  braced  and  light- 
HEAeied  on  a bine  spring  or  ebosty  morning  ? j 

A.  1st — Because  there  is  more,  oxygen 
in  the  air  on  a fine  frosty  morning,  than 
on  a wet  day  : and 

2ndly — A brisk  frosty  air  has  a ten- 
dency  to  brace  the  powers  of  the  nervous  ’ 
system. 

Q.  Why  do  dogs  and  cats  (confined  to  a room) 

feel  lazy  and  drowsy,  at  the  approach  of  rain? 

A.  1st — Because  the  air  does  not 

contain  its  full  proportion  of  oxygen  : and 

Sndly — The  damp  depresses  the  powers 
of  their  nervous  system,  and  makes  them 

i 

Q.  When  sheep  lie  under  a hedge,  and 
seem  unwilling  to  go  to  pasture,  rain  is  at  hand: 
Explain  the  reason  of  this. 

A.  The  damp  ah*  relaxes  their  nervous  \ 
system,  and  they  consequently  feel  listless 
and  drowsy. 

Q.  Why  do  horses  neigh,  cattle  low,  snEEP  j 
Heat,  and  asses  bray,  at  the  approach  of  rain  ? 

A.  Damp  air  relaxes  their  nerves,  and, 
therefore,  they  feel  languid  and  uneasy. 

Q.  Mention  some  other  animals,  which  indi- 
cate the  approach  of  rain  in  a similar  way. 
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A.  When  pigs  squeak,  as  if  in  great 
pain — frogs  croak  with  a loud  hoarse 
noise — owls  screech — woodpeckers  cry 
— peacocks  scream — guinea-fowls  squall 
— or  ducks  and  geese  are  unusually 
noisy,  rain  is  close  at  hand. 

Q.  Why  do  candles  and  fires  burn  with 
a bluer  flame  in  wet  weather  ? 

A.  Because  the  heat  of  fire  is  less 
intense  : In  consequence  of  which,  some 
of  the  carbon  is  not  heated  to  whiteness. 

Unless  the  carbon  be  intensely  heated,  it  will  not  unite  with  the 
oxygen  to  form  carbonic  acid,  but  will  fly  otf  as  smoke. 

Q Why  do  hills,  Sfc.,  appear  larger  in 
wet  weather  ? 

A.  Because  the  air  is  laden  ivith 
vapour,  which  causes  the  rays  of  light  to 
diverge  more;  in  consequence  of  which, 
they  produce  on  the  eye  larger  images  of 
objects. 

Q.  Why  do  trees,  Sfc.,  in  wet  weather  ap 
pear  further  off  than  they  really  are  ? 

A.  Because  the  fog  or  mist  diminishes 
the  light  reflected  from  the  object;  and 
as  the  object  becomes  more  dim,  it  seems 
to  be  further  of. 
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Q.  Why  do  objects  sometimes  seem  to 
DANCE  in  warm  weather , after  much  rain  ? 

A.  Because  the  heat  makes  the  fallen 
rain  evaporate  again  into  the  air  very 
quickly,  and  the  ascending  vapour  causes 
the  density  of  the  air  near  the  ground 
to  vary  continually,  and  as  the  passage 
of  the  rays  of  light  is  affected,  a twinkling 
or  dancing  motion  is  produced  on  the  eye 

Q Do  not  domestic  animals  give  some 
indications  by  which  the  approach  of  wet  weather 
may  be  known  ? 

A.  It  is  believed  that  cats  and  house 
dogs  feel  a cutaneous  irritation  at  the 
approach  of  rain,  and  offer  sensible 
evidence  of  uneasiness. 

Virgil  and  Thompson  have  made  the  subject  a theme  for  poetry. 
But  the  imagination  which  makes  a good  poet,  does  not  always 
make  an  accurate  teacher  of  scientific  facts. 

Q.  Why  is  the  air  generally  drier  before 
noon  and  before  summer , than  it  is  after  noon  and 
after  summer  ? 

A.  Because  in  the  morning  and  in  i 
the  spring,  the  heat  of  the  air  is  on  the  ; 
increase,  and  is  more  capable  of  holding 
vapour  suspended.  In  the  afternoon  and 
in  the  autumn  it  is  getting  on  the  decrease, 
and  is  less  able  to  hold  vapour  suspended. 
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Q.  When  the  'plants  called  trefoil,  dan- 
delion, pimpernel,  fyc.,  fold  up  their  leaves, 
rain  is  always  close  at  hand : Explain  this. 

A.  1st — The  cloudy  weather  dimin- 
ishes the  light  of  the  sun ; and  without 
the  stimulus  of  sunlight,  these  flowers 
never  open  their  leaves  : and 

2ndly — The  vapour  of  the  damp  air, 
insinuates  itself  into  the  vessels  of  these 
delicate  plants,  and  affects  their  vital 
sensibilities  in  some  unknown  way. 

All  these  plants  close  at  sun-set  also. 

Q.  Why  do  doors  swell  in  rainy  weather  ? 

A.  Because  the  air  is  filled  'with 
vapour,  which  penetrates  into  the  pores 
of  the  wood, — forces  the  parts  further 
apart, — and  swells  the  door. 

Q.  Why  do  doors  shrink  in  dry  weather  ? 

A.  Because  moisture  is  absorbed  from 
the  wood : and,  as  the  particles  are 
brought  closer  together,  the  size  of  the 
door  is  lessened, — in  jther  words,  the 
door  shrinks. 

Q.  Why  is  the  air  filled  with  offensive 
smells,  just  previous  to  rain  ? 

A.  Because  the  volatile  parts  which 
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rise  from  dunghills,  sewers,  &c.,  are 
arrested  by  the  vapour  of  the  air,  and 
prevented  from  rising  so  readily,  as  when 
the  sun  is  shining  brightly. 

Q.  Why  do  flowers  smell  sweeter  and 
stronger,  just  previous  to  rain? 

A.  Because  the  volatile  parts  which 
constitute  the  perfume  of  flowers,  are 
prevented  (by  the  vapour  of  the  air)  from 
rising ; in  consequence  of  which,  they 
are  confined  to  the  lower  regions  of  the 
atmosphere. 

N.B. — Many  essential  oils  and  other  volatile  substances,  which 
produce  odours  in  plants,  require  the  presence  of  much  moisture  for 
their  perfect  development. 

Q.  Why  do  hoeses  and  other  animals 
stretch  out  their  necks , and  sntjee  up  the  aie, 
just  previous  to  a fall  of  eain  ? 

A.  Because  they  smell  the  odour  of 
plants  and  hay,  and  delight  to  snuff  in 
their  fragrance. 

Q.  Why  does  smoke  fall,  when  rain  is  at 
hand? 

A.  Because  the  air  is  less  dense,  and 
cannot  buoy  up  the  smoke  so  readily,  as 
dry  and  heavy  air. 
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Q.  Why  do  swallows  fly  low,  when  lain 
is  at  hand  ? 

A.  Because  the  insects  (of  which  they 
Are  in  pursuit)  have  fled  from  the  cold 
upper  regions  of  the  air,  to  the  ivarm  air 
near  the  earth  : and  as  their  food  is  low  t 
the  swallows  fly  low. 

Q.  Why  do  these  insects  seelc  the  lowei 
regions  of  the  air  in  wet  weather , more  than  in 

FINE? 

A.  Because  (in  wet  weather)  the 
upper  regions  of  the  air  are  colder  than 
the  lower  ; and,  as  insects  enjoy  warmth, 
they  seek  it  near  the  earth. 

Q.  Why  does  a downward  current  of  cold 
Aie  bring  eain  ? 

A.  Because  it  condenses  the  ivarm 
vapour;  which  (being  condensed)  de- 
scends in  rain. 

Hence  rain  generally  follows  a London  “pea-soup”  fog. 

Q.  The  proverb  says,  “ A single  magpie 
in  spring,  foul  weatheb  will  bring:'"  Why 
is  this  the  case  ? 

A.  Because  in  cold  stormy  weather, 
one  magpie  alone  will  leave  its  warm  snug 
nest  in  search  of  food,  while  the  other 
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stays  with  the  eggs , or  young  ones ; but 
in  fine  mild  weather  (when  their  brood  j 
will  not  be  injured  by  cold)  both  the 
magpies  fig  out  together. 

Q.  Why  is  it  unlucky  for  anglebs  to 
see  a single  magpie  in  spring  ? 

A.  Because,  when  magpies  fly  abroad 
singly,  the  weather  is  cold  and  stormy; 
but,  when  both  birds  fly  out  together,  the 
weather  is  warm  and  mild,  which  is 
favourable  for  fishing. 

Q.  Why  do  sea-gulls  fly  about  the  sea  in 
FINE  weather  ? 

A.  Because  they  live  upon  the  fishes 
which  are  found  near  the  surface  of  the 
sea  in  fine  weather. 

Q.  Why  may  we  expect  stokmy  bains,  j 
when  sea-gulls  assemble  on  the  land ? 

A.  Because  the  fishes  (on  which  they 
live)  leave  the  surface  of  the  sea  in  stormy 
weather,  and  are  beyond  the  reach  of  the 
sea-gulls : so  they  are  obliged  to  feed  on  ' 
the  worms  and  larvae , which  come  out  of  j 
the  ground  at  such  times. 

“ Larvae,”  little  grubs  and  caterpillars. 
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Q.  Why  do  petbels  fly  to  the  sea,  during 
a storm  ? 

A.  Because  they  live  upon  insects, 
which  are  always  to  he  found  in  abun- 
dance about  the  spray  of  swelling  leaves. 

N.B.  Petrels  are  birds  of  the  duck  kind,  which  live  in  the  open 
sea.  They  run  on  the  top  of  the  waves,  and  are  called  Petrels,  from 
Pctrello,  an  Italian  word,  which  means  Little  Peter , in  allusion  to  St. 
Peter’s  walking  on  the  sea  to  go  to  Jesus.  Our  seamen  call  them 
Mother  Carey’s  Chickens.  Their  presence  at  sea  presages  a storm. 

Q.  Why  do  candles  and  lamps  spibt, 
when  bain  is  at  hand  ? 

A.  Because  the  air  is  filled  with 
vapour  which  penetrates  the  wick ; where 
(being  formed  into  steam ) it  expands 
suddenly,  and  produces  a little  explosion. 

Q.  Why  does  a dbop  of  watee  sometimes 
boll  along  a piece  of  hot  iron,  without  leaving 
the  least  trace  ? 

A.  Because  the  bottom  of  the  drop  is 
turned  into  vapour,  and  buoys  the  drop  up, 
without  allowing  it  to  touch  the  iron. 

Q.  Why  does  it  boll  ? 

A.  Because  the  current  of  air  (which 
is  always  passing  over  a heated  surface) 
drives  it  along. 
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Q.  Why  LAUNDRESS put  a little  SALIVA 

on  a flat-iron,  to  know  if  it  he  hot  enough  ? 

jx.  because,  when  the  saliva  sticks  to 
the  box,  and  is  evaporated,  she  knows  it 
is  not  sufficiently  hot : but,  when  it  runs 
alonq  the  iron,  it  is. 

Why  does  the  saliva  RUN  along  the  flat- 
iron when  it  is  very  hot  ? 

A.  Because  the  heat  of  the  iron 
converts  the  bottom  of  the  drop  into 
vapour ; when  this  is  not  the  case,  the 
saliva  will  not  roll  over  the  iron. 


CHAPTER  XII. 


4.— EVAPORATION. 


Q.  What  is  meant  by  evaporation  ? 

A.  The  dissipation  of  liquid  by  its 
conversion  into  vapour. 

Q.  What  effects  are  produced  by  evapora- 

tion ? 

A.  The  liquid  vaporized  absorbs  heat 
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from  the  body  whence  it  issues;  and 
the  body,  deprived  of  the  liquid  by  eva- 
poration, loses  heat. 

Q.  If  you  wet  your  einger  in  your  mouth , 

and  hold  it  up  in  the  air , why  does  it  feel  cold  ? 

A.  Because  the  saliva  quickly  evapo- 
rates ; and  (as  it  evaporates)  absorbs  heat 
from  the  finger,  making  it  feel  cold. 

Q.  If  you  loathe  your  temples  with  ether , why 

does  it  allay  inelammation  and  feverish  heat  ? 

A.  Because  ether  very  rapidly  evapo- 
rates ; and  (as  it  evaporates)  absorbs 
heat  from  the  burning  head,  producing 
a sensation  of  cold. 

Q.  Why  is  ether  better  for  this  purpose 
than  water  ? 

A.  Because  ether  requires  less  heat 
to  convert  it  into  vapour ; in  consequence 
of  which,  it  evaporates  more  quickly. 

N.B. — Ether  is  converted  into  vapour  with  96  degs.  of  heat : but 
water  requires  212  degs.  of  heat  to  convert  it  into  steam. 

Q.  Why  does  ether  very  greatly  relieve 
a SCALD  or  BURN  ? 

A.  Because  it  evaporates  very  rapidly; 
and  (as  it  evaporates)  carries  off  the  heat 
of  the  burn. 
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Q.  Why  do  we  feel  cold,  when  we  have  wet 
FEET  or  CLOTHES  ? 

A.  Because  the  moisture  of  our  shoes 
or  clothes  rapidly  evaporates ; and  (as  it 
evaporates)  absorbs  heat  from  oar  body,  j 
which  makes  us  feel  cold. 

Q.  Why  do  wet  eeet  or  clothes  qive  us 
“cold?” 

A.  Because  the  evaporation  absorbs 
heat  so  abundantly  from  the  surface  of 
our  body,  that  its  temperature  is  lowered 
beloiv  its  natural  standard  ; in  consequence 
of  which,  health  is  injured. 

Q.  Why  is  it  dangerous  to  sleep  in  a 

DAMP  BED? 

A.  Because  heat  is  continually  ab- 
sorbed from  the  surface  of  our  body,  to 
convert  the  damp  of  the  sheets  into  vapour : 
in  consequence  of  which,  our  animal  heat 
is  reduced  below  the  healthy  standard. 

Q.  Why  is  health  injured,  when  the 
temperature  of  the  hody  is  reduced  lelow  its 
natural  standard  ? 

A.  Because  the  balance  of  the  circu- 
lation is  destroyed  : Blood  is  driven  away 
from  the  external  surface  by  the  chill , 
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and  thrown  upon  the  internal  organs, 
which  are  oppressed  by  this  increased 
load  of  blood. 

Q.  Why  do  we  not  feel  the  same  sensation  of 
cold , if  we  throw  a macintosh  over  our  wet 

CLOTHES  ? 

A.  Because  the  macintosh  (being  air- 
tight) prevents  evaporation ; and  (as  the 
wet  cannot  evaporate ) no  heat  is  absorbed 
from  our  bodies. 

Q.  Why  do  not  sailors  u catch  cold,”  who 
are  frequently  wet  all  day  with  sea-water  ? 

A.  1st — Because  the  salt  of  the  sea 
retards  evaporation ; and  (as  the  heat  of 
their  body  is  drawn  off  gradually ) the 
sensation  of  cold  is  prevented : and 

2 rally — The  salt  of  the  sea  acts  as  a 
stimulant,  and  keeps  the  blood  circula- 
ting in  the  skin. 

Q.  Why  does  sprinkling  a hot  boom:  with 
water  cool  it  ? 

A.  Because  the  heat  of  the  room 
causes  a rapid  evaporation  of  the  sprinkled 
water : and  as  the  water  evaporates,  it 
absorbs  heat  from  the  room,  which  cools  it. 

Q.  Why  does  watering  the  streets  and 
roads  cool  them,  i 
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A.  Because  they  part  with  their  heat,  I 
to  promote  the  evaporation  of  the  water \ 
sprinkled  on  them. 

Q.  Why  does  a siiowee  of  eain  cool  the  1 
air  in  summer-time  ? 

A.  Because  the  wet  earth  parts  ivith 
its  heat  to  promote  evaporation  ; and  when 
the  earth  is  cooled,  it  cools  the  air  also. 

Q.  Why  is  linen  deied  by  being  exposed 
to  the  WIND  ? 

A.  Because  the  wind  accelerates  evap-  \ 
oration,  by  removing  the  vapour  from  the  i 
surface  of  the  wet  linen,  as  fast  as  it  is 
formed. 

Q.  Why  is  linen  deied  sooner  in  the  open 
AIE,  than  in  a confined  room  ? 

A.  Because  the  particles  of  vapour 
are  more  rapidly  removed  from  the 
surface  of  the  linen,  which  increases  the 
evaporation. 

Q.  Why  are  wet  summers  generally  suc- 
ceeded by  cold  winters  ? 

A.  Because  the  great  evaporation 
(carried  on  through  the  wet  summer) 
reduces  the  temperature  of  the  earth 
lower  than  usual,  and  produces  cold. 
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Q.  Why  is  England  warmer  than  it  used 

he,  when  agues  were  common  ? 

A.  Because  it  is  better  drained,  and 
etter  cidtivated. 

Q.  Why  does  draining  land  promote 

TAEMXH  ? 

A.  Because  it  diminishes  evaporation; 
n consequence  of  which,  less  heat  is 
ibstracted  from  the  earth. 

Q.  Why  does  cultivation  increase  the 

viBMTH  of  a country  ? 

A.  1st — Because  hedges  and  belts  oj 
rees  are  multiplied  : 

Snclly- — The  land  is  better  drained  ; and 

3rdly — The  vast  forests  are  cut  down. 

Q.  Why  do  hedges  and  belts  of  tbees 
promote  warmth  ? 

A.  Because  they  retard  evaporation, 
jy  keeping  off  the  wind. 

Q.  If  belts  of  trees  promote  wabmth,  why 
lo  forests  produce  cold  ? 

A.  1st — Because  they  detain  and 
condense  the  passing  clouds. : 


Sndly — They  prevent  the  access  of 


both  wind  and  sun: 

3rdly — The  soil  of  forests  is  always 
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covered  with,  long  damp  grass,  rotting 
leaves,  and  thick  brushwood : and 

4thly — In  every  forest  there  are  always 
many  hollows  full  of  stagnant  water. 

Q.  Why  do  long  grass  and  hotting 
ieaves  promote  cold  ? 

A.  Because  they  are  always  damp : 
and  the  evaporation  which  they  promote, 
is  constantly  absorbing  heat  from  the 
earth  beneath. 

Q.  Why  are  France  and  Germany  warmer 
now,  than  when  the  vine  would  not  ripen  there  ? 

A.  Chiefly  because  their  vast  forests 
have  been  cut  down ; and  the  soil  is  better 
drained  and  cultivated. 

Q.  What  becomes  of  the  water  of  ponds  : 
and  tubs  in  summer-time  ? 

A.  Ponds  and  tubs  are  often  left  dry  ( 
in  summer-time,  because  their  water  is  i 
evaporated  by  the  air. 

Q.  Sow  is  this  evaporation  produced  j 
and  carried  on  ? 

A.  The  heat  of  the  air  changes  the  j 
surface  of  the  water  into  vapour,  which  * 
^blending  with  the  air)  is  soon  wafted 
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away;  and  this  process  is  repeated,  till 
the  pond  or  tub  is  left  quite  dry. 

Q.  Why  are  the  wheels  of  some  machines 
Tcept  constantly  wet  with  wateb  ? 

A.  To  carry  off  (by  evaporation)  the 
heat  which  arises  from  the  rapid  motion 
of  the  wheels. 

Q.  Why  is  mould  habdened  by  the  SUN  ? 

A.  Because  the  moisture  of  the 
mould  is  exhaled  by  evaporation ; and, 
as  the  earthy  particles  are  brought  closer 
together,  the  mass  becomes  more  solid. 

Q.  Show  the  wisdom  of  God  in  this  arrange- 
ment. 

A.  If  the  soil  did  not  become  crusty 
and  hard  in  dry  weather,  the  heat  and 
drought  would  penetrate  the  soil , and  kill 
both  seeds  and  roots. 

Q.  Why  is  tea  cooled  easteb  in  a saucer 
than  in  a cup  ? 

A.  Because  evaporation  is  increased 
by  increasing  the  surface  ; and,  as  tea  in 
a saucer  presents  a larger  surface  to  the 
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air,  its  heat  is  more  rapidly  carried  off 
by  evaporation. 

The  subject  of  “ convection”  will  be  treated  of  in  a future  chapter ; 
it  would  be  scarcely  understood  in  this  place.  See  p.  238. 

Q.  Why  is  not  the  vapour  of  the  sea  salt  ? 

A.  Because  the  salt  of  the  sea-water 
is  always  left  behind,  in  the  process  of 
evaporation. 

Q.  Wliat  isthat  white  crust,  which  appears 

(in  hot  weather)  upon  clothe  s wetted  by  sea-water  ? 

A.  Dry  salt,  left  on  the  clothes  after 
the  water  has  evaporated. 

Q.  Why  does  this  white  crust  always  dis- 
appear in  wet  weather  ? 

A.  Because  the  moisture  of  the  air 
dissolves  the  salt ; in  consequence  of 
which,  it  is  no  longer  visible. 

Q.  Why  should  hot  persons,  who  talce  vio- 
lent exercise,  wear  very  thick  clothing  ? 

A.  Because  it  prevents  perspiration 
from  evaporating.  When  the  heat  of  the 
body  is  increased  by  exercise,  perspiration 
reduces  it  again  (by  evaporation)  to  a 
healthy  standard : as  thick  clothing 
prevents  this  evaporation,  it  is  injurious 
to  health. 
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CHAPTER  XIII. 


COMMUNICATION  OF  HEAT. 


1. — CONDUCTION. 

Q.  Sow  is  heat  communicated  from  one 
body  to  another  ? 

A.  1. — By  Conduction.  2. — By  Ab- 
sorption. 3. — By  Reflection.  4. — By 
Radiation.  And  5. — By  Convection. 

Q.  What  is  meant  by  conduction  of  heat  ? 

A.  Heat  communicated  from  one 
body  to  another  by  actual  contact. 

Q.  Why  does  not  a piece  o/ wood  (blazing 
at  one  end)  feel  hot  at  the  other  ? 

A.  Because  wood  is  so  bad  a conduc- 
tor, that  heat  does  not  traveis  yeely 
through  it : hence,  though  one  end  of 
a stick  be  blazing,  the  other  end  may  be 
quite  cold. 

Q.  Why  do  some  things  feel  colder,  than 
others  ? 

A.  Principally  because  they  are  better 
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conductors ; and  draw  off  heat  from  our 
body  much  faster. 

Q.  What  are  the  best  conductors  of  heat  ? 

A.  Dense  solid  bodies,  such  as  metal 
and  stone. 

Q.  Which  metals  are  the  most  bapid  con- 
ductors of  heat  ? 

A.  The  best  conductors  of  heat  are 
1 — gold,  2 — silver,  3 — copper: 

The  next  best  are,  4 — plat'inum,  5 — 
iron,  6 — zinc,  7 — tin  : Lead  is  a very 
inferior  conductor  to  any  of  the  pre- 
ceding metals. 

Q.  What  are  the  worst  conductors  of  heat  ? 

A.  All  light  and  porous  bodies ; such 
as  hair,  fur,  wool,  charcoal,  and  so  on. 

Two  of  the  worst  conductors  known  are  hare’s  fur  and  eider 
down ; — the  two  next  worst  are  heaver’s  fur  and  raw  silk ; then 
wood  and  lamp-black; — then  cotton  and  fine  lint;  then  charcoal, 
wood  ashes,  &c. 

Q.  Why  are  cooking  vessels  often  furnished 
with  WOODEN  HANDLES  ? 

A.  Because  wood  is  not  a good 
conductor,  like  metal ; and,  therefore, 
wooden  handles  prevent  the  heat  of  the 
vessel  from  rushing  into  our  hands,  to 
burn  them, 
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Q.  Why  is  the  handle  of  a metal  tea- 
pot made  of  wood  ? 

A.  Because  wood  is  a bad  conductor  ; 
therefore,  the  heat  of  boiling  water  is 
not  so  quickly  conveyed  to  our  hand  by  a 
wooden  handle,  as  by  one  made  of  metal. 

Q.  Why  would  a metal  handle  btien  the 
hand  of  the  tea-maker  ? 

A.  Because  metal  is  an  excellent 
conductor ; therefore,  the  heat  of  boiling 
water  would  pass  so  quickly  into  the 
metal  handle,  as  to  burn  the  hand. 

Q.  Prove  that  a metal  handle  would  he 
hotted  than  a wooden  one. 

A.  If  we  touch  the  metal  collar  into 
which  a wooden  handle  is  fixed,  we 
shall  find  that  the  wooden  handle  feels 
cold,  but  the  metal  collar  intensely  hot. 

Q.  Why  do  persons  use  paper  or  woollen 

KETTLE-HOLDEES  ? 

A.  Because  paper  and  woollen  are 
both  very  bad  conductors  of  heat:  in 
consequence  of  which,  the  heat  of  the 
kettle  does  not  readily  pass  through  them 
to  the  hand. 
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Q.  Does  the  heat  of  a hotting  kettle  never 
get  through  the  woollen  or  paper  kettle-holder  ? 

A.  Yes ; but  though  the  kettle- 
holder  become  as  hot  as  the  kettle 
itself,  it  would  never  feel  so  hot. 

Q.  Why  would  not  the  kettle-holder  feel 
so  hot  as  the  kettle , when  both  are  of  the  same 
temperature  ? 

A.  Because  it  is  a very  bad  conductor, 
and  disposes  of  its  heat  too  slowly  to  be 
perceptible  ; but  metal  (being  an  excellent 
conductor)  disposes  of  its  heat  so  quickly , 
that  the  sudden  influx  is  painful. 

Q.  Why  does  hot  metal  feel  more  in- 
tensely warm,  than  hot  wool  ? 

A.  Because  metal  gives  out  a much 
greater  quantity  of  heat  in  the  same  space 
of  time ; and  the  influx  of  heat  is,  con- 
sequently, more  perceptible. 

Q.  Why  does  money  in  our  pocket  feel 
very  hot,  when  we  stand  before  a fire  ? 

A.  Because  metal  is  an  excellent 
conductor,  and  becomes  rapidly  heated : 
For  the  same  reason,  it  becomes  rapidly 
cold,  whenever  it  comes  in  contact  with 
a substance  colder  than  itself. 
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Q.  Why  does  a pump-handle  feel  intensely 

COLD  IN  WINTER  ? 

A.  Because  it  is  an  excellent  conduc- 
tor, and  draws  off  heat  from  the  hand  so 
rapidly,  that  the  sudden  loss  produces  a 
sensation  of  intense  coldness. 

Q.  Is  the  iron  handle  of  the  pump  really 
colder  than  the  wooden  pump  itself? 

A.  No : every  inanimate  substance 
(exposed  to  the  same  temperature)  pos- 
sesses in  reality  the  same  degree  of  heat. 

Q.  Why  does  the  iron  handle  seem  so  much 

colder  than  the  wooden  pump  ? 

A.  Merely  because  iron  is  a better 
conductor ; and,  therefore,  draws  off  heat 
from  the  hand  more  rapidly  than  wood. 

Q.  Why  does  a polished  marble  hearth  feel 
to  the  feet  colder  than  a carpet  or  hearth-rug  ? 

A.  Chiefly  because  the  surface  of 
polished  marble  allows  of  a very  close 
contact;  and  every  point  in  contact  draws 
off"  heat,  till  the  whole  marble  is  as  warm 
as  the  foot  resting  on  it. 

Stone,  marble,  and  glass,  are  by  no  means  good  conductors,  for 
one  part  of  them  may  be  heated,  while  another  part  remains  cold. 

Q.  If  polished  marble  is  a bad  conductor , 
why  does  it  dieeuse  heat  ? 
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A.  Because  it  is  so  dense  a substance 
that  its  particles  lie  very  close  together, 
and  can  therefore  impart  heat  to  each 
other  far  more  easily  than  if  the  particles 
were  further  apart. 

Q.  Does  not  the  woollen  CAEPET^m^  iieaetii- 
BTTG,  conduct  heat  from,  the  human  body  ? 

A.  Yes;  but  being  very  bad  conduc- 
tors, they  convey  heat  away  so  slowly, 
that  its  loss  is  scarcely  perceptible. 

Q.  Is  the  cold  hearth-stone  in  reality 
of  the  same  temperature  as  the  warm  carpet  ? 

A.  Yes;  everything  in  the  room  is 
really  of  one  temperature,  though  some 
things  feel  to  the  touch  colder  than 
others. 

Q.  How  long  will  a hearth-stone  feel  cold 
to  the  feet  resting  on  it  ? 

A.  Till  the  feet  and  the  hearth-stone 
are  both  of  the  same  temperature;  and 
then  the  sensation  of  cold  in  the  hearth- 
stone will  go  off. 

Q.  Why  would  not  the  hearth-stone  feel 
cold,  when  it  is  of  the  same  temperature  as  our 
feet  ? 

A.  Because  heat  would  no  longer 


WATER  FEELS  COLD. 


177 


pass  from  our  feet  into  the  liearth-stone , 
in  order  to  produce  equilibrium. 

Q.  When  the  fire  is  lighted , why  does  a 
polished  marble  hearth  feel  hotter  than  the 

HE  ARTH-RTJ  O ? 

A.  Because  the  polished  surface  of 
the  marble  allows  of  a much  closer  con- 
tact than  the  hearth-rug,  so  that  it  pours 
heat  into  the  foot  from  many  more  points 
than  the  loose  woollen  pile. 

Q.  Why  does  parting  with  heat  rapidly 
make  a he arth- stone  feel  warm  ? 

A.  Because  the  rapid  influx  of  heat 
raises  the  temperature  of  our  body  so 
suddenly,  that  we  cannot  help  perceiving 
the  increase. 

Q.  Why  does  the  non-conducting  power  of 
a ii earth- hu O prevent  its  feeling  so  hot  as  it 
really  is  ? 

A.  Because  it  parts  with  its  heat  s<r 
slowly  and  gradually,  that  we  scarcely 
perceive  its  transmission  into  our  feet. 

Q.  When  we  plunge  our  hands  into  a basin 
of  water,  why  does  it  produce  a sensation  of  cold  ? 

A.  Because  water  is  a better  conductor 
than  air ; and  as  it  draws  off  heat  froi* 
our  hands  more  rapidly,  it  feels  colder. 
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Q.  Why  does  the  conducting  power  of 
water  make  it  feel  colder  than  air  ? 

A.  Because  it  abstracts  heat  from 
our  hands  so  rapidly,  that  we  feel  its 
loss ; but  the  air  abstracts  heat  so  very 
slowly,  that  its  gradual  loss  is  hardly 

perceptible. 

Q.  Is  water  a good  conductor  of  heat  ? 

A.  No;  liquids  are  generally  bad 
conductors  of  heat;  hut  yet  water  is  a 
much  better  conductor  than  air. 

Quicksilver,  which  is  a fluid,  is  a good  conductor  of  heat,  because 
it  is  metallic. 

Q.  Why  is  water  a better  conductor  of 
heat , than  air  ? 

A.  Because  it  is  more  dense:  The 
conducting  power  of  any  substance  de- 
pends upon  its  solidity,  or  the  closeness 
of  its  particles. 

Q.  How  do  you  Jcnow  that  water  is  not  a 
good  conductor  of  heat  ? 

A.  Because  it  may  he  made  to  boil 
at  its  surface,  without  imparting  sufficient 
heat  to  melt  ice  a short  distance  below 
the  surface. 

Q.  Why  are  not  liquids  good  conductors  of 
heat  / 
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A.  Because  the  heat  (which  should 
be  transmitted)  produces  evaporation , and 
flies  off  in  the  vapour. 

Q.  Why  does  a poker  (resting  on  a fender) 
feel  colder  than  the  heart n-r ug,  which  is 
further  off  the  fire  ? 

A.  Because  the  poker  is  an  excellent 
conductor,  and  draws  heat  from  our  hand 
much  more  rapidly  than  the  woollen 
hearth-rug,  which  is  a very  bad  con- 
ductor ; though  both,  therefore,  are 
equally  warm,  the  poker  seems  to  be  the 
colder.  (See  also  p.  193.) 

Q.  Why  are  hot  bricks  ( wrapped  in  cloth) 
employed  in  cold  weather  to  keep  the  feet  warm  ? 

A.  Because  bricks  are  bad  conductors 
of  heat,  and  cloth  or  flannel  still  ivorse : 
in  consequence  of  which,  a hot  brick, 
(wrapped  in  flannel)  will  retain  its  heat 
a very  long  time. 

Q.  Why  is  a tin  pan  ( filled  with  hot 
water)  employed  as  a toot  warmer  ? 

A.  Because  polished  tin  (being  a bad 
radiator  of  heat)  keeps  hot  a very  long 
time  ; and  warms  the  feet  resting  upon  it. 
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Q.  What  is  meant  by  being  a “ bad  badia- 
TOB  of  heat  ?” 

A.  To  radiate  heat  is  to  throw  off 
heat  by  rays,  as  the  sun : a polished  tin 
pan  does  not  throw  off  the  heat  of  boiling 
water  from  its  surface,  but  keeps  it  in, 

Q.  Why  are  tin  foot-warmers  covered  with 

PLANNEE  ? 

A.  1st — That  the  polish  of  the  tin 

may  not  he  injured  : 

Sndly — Because  the  flannel  (being 
a very  bad  conductor)  helps  to  keep  the 
tin  hot  longer : and 

3rdly — Lest  the  conducting  surface  of 
the  tin  should  feel  painfully  hot 

Q.  What  disadvantage  would  it  he,  if  the 
polish  of  the  tin  were  injured  ? 

A.  If  the  tin  foot-warmer  were  to 
lose  its  polish,  it  would  get  cold  in  a 
much  shorter  time. 

Q.  Why  would  a tin  foot-warmer  get  cold 
sooner  if  its  polish  were  injured  ? 

A.  Because  polished  tin  throws  off 
heat  very  slowly ; but  dull,  scratched, 
painted,  or  dirty  tin,  throws  off  heat  very 
quickly. 
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Q.  Why  are  furnaces  and  stoves  ( where  much 

heat  is  required ) built  of  poeous  beicks  ? 

A.  Because  bricks  are  bad  conductors, 
and  prevent  the  escape  of  heat ; in  conse- 
quence of  which,  they  are  employed 
where  great  heat  is  required. 

Q.  Why  are  furnace  doors,  Sfc.,  frequently 
covered  with  a paste  of  clay  and  sand  ? 

A.  Because  this  paste  is  a very  bad 
conductor  of  heat ; and  therefore  prevents 
the  escape  of  heat  from  the  furnace. 

Q.  If  a stove  be  placed  in  the  middle  of  a 
room , should  it  be  made  of  brisks  or  ieon  ? 

A.  A stove  in  the  middle  of  a room 
should  be  made  of  iron  ; because  iron  is 
an  excellent  conductor,  and  rapidly  com- 
municates heat  to  the  air  around. 

Q Why  does  the  Bible  say , that  God 
u giveth  snow  like  wool?” 

A.  Because  snow  (being  a very  bad 
conductor  of  heat)  protects  vegetables 
and  seeds  from  the  frost  and  cold. 

Q.  How  does  the  non-conducting power  of  snow 
PEOTECT  vegetables  from  the  frost  and  cold  ? 

A.  It  prevents  the  heat  of  the  earth 
from  being  drawn  off  by  the  cold  air, 
which  rests  upon  it.  « 
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Q Why  are  woollens  and  etjrs  used  for 
clothing  in  cold  weather  ? 

A.  Because  they  are  very  bad  con- 
ductors of  heat : and,  therefore,  prevent 
the  warmth  of  our  body  from  being 
drawn  off  by  the  cold  air. 

Q.  Do  not  woollens  and  furs  actually  im- 
part heat  to  the  body  ? 

A.  No ; they  merely  prevent  the 
heat  of  the  body  from  escaping . 

Q.  Where  would  the  heat  escape  to , if  our 
tody  were  not  wrapped  in  wool  or  fur  ? 

A.  Into  the  air  ; for  cold  air  (coming  ; 
in  contact  with  our  body)  would  gradu-  I 
ally  draw  away  its  heat,  till  both  were  of 
the  same  temperature. 

Q.  What  is  the  principal  use  of  clothing 
in  winter  time  ? 

A.  1st — To  prevent  animal  heat  from 
escaping  too  freely : and 

Sndly — To  protect  our  body  from  the 
external  air  (or  wind),  which  would  carry 
away  its  heat  too  rapidly. 

Q.  Why  are  leasts  covered  with  eur,  hair, 
or  wool  ? 

A.  Because  fur,  hair,  and  wool,  are 
very  slow  conductors  of  heat;  and  (as; 
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dumb  animals  cannot  be  clad,  like  human 
beings)  God  has  given  them  a robe  of 
hair  or  wool,  to  keep  them  warm. 

Q.  Why  are  birds  covered  with  nows’  or 

FEATHEES  ? 

A.  Because  down  and  feathers  are 
I 'very  bad  conductors  of  heat;  and  (as 
birds  cannot  be  clad,  like  human  beings) 
God  has  given  them  a robe  of  feathers, 
to  keep  them  warm. 

Q.  Show  how  the  goodness  of  God  is  mani- 
fested, even  in  the  clothing  of  biebs  and  beasts. 

A.  Small  birds,  which  are  the  most 
delicate,  have  a thicker  covering  of 
feathers,  than  those  which  are  larger  and 
more  hardy:  and  beasts  which  live  in 
the  cold  regions  of  the  frigid  zones  have 
thicker,  coarser,  and  warmer  coats,  than 
those  which  dwell  in  the  tropical  heat. 

Q.  Why  are  fees,  hate,  and  feathees* 
such  slow  conductors  of  heat? 

A.  Because  a great  quantity  of  air 
lurks  entangled  between  their  fibres ; 
and  air  is  a very  bad  conductor  of  heat. 

The  warmest  clothing  is  that  which  fits  the  body  very  loosely  in 
every  part  except  at  the  extremities ; because  more  hot  air  will  be 
confined  by  a loose  garment,  than  by  one  which  fits  the  body  tightly . 
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Q.  If  air  he  a bad  conductor  of  heat,  why 
should  we  not  feel  as  uiarm  without  clothing,  as 
when  Wrapped  in  wool  and  fur  ? 

A.  Because  the  air  is  never  at  rest ; 
and  every  fresh  particle  which  comes  in 
contact  with  our  body,  carries  off  a fresh 
portion  of  heat. 

Q.  Does  the  air,  which  surrounds  a naked 
"body,  become  (by  contact ) as  warm  as  the  body 
itself? 

A.  It  would  do  so  if  it  remained 
motionless ; hut,  as  it  remains  only  a 
very  short  time,  it  absorbs  as  much  heat 
as  it  can  in  the  time,  and  passes  on. 

Q.  Why  do  we  feel  colder  in  windy 
weather,  than  in  a calm  day? 

A.  Because  the  particles  of  air  pass 
over  us  more  rapidly ; and  every  fresh 
particle  takes  from  us  some  portion  of 
lieat. 

This  effect  will  be  greatly  influenced  by  the  temperature  of  the 
wind. 

Q-  Show  the  wisdom  of  God  in  malting  Aia 
a bad  conductor. 

A.  If  air  were  a good  conductor  (like 
iron  and  stone)  heat  would  be  drawn  so 
rapidly  from  our  body,  that  we  should  be 
chilled  to  death.  Similar  evils  would  be 
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felt  also  by  all  the  animal  and  vegetable 
world. 

Q.  Does  hot  air  give  heat  as  slowly  to  our 
body,  as  cold  air  takes  it  away  ? 

A.  Yes.  A man  may  go  into  air  of 
the  temperature  of  300°,  without  having 
the  heat  of  his  body  raised  more  than 
two  or  three  degrees. 

Workmen  enter  ovens,  in  the  manufacture  of  moulds  of  plaster 
of  Paris,  in  which  the  thermometer  stands  100o  higher  than  the 
temperature  of  boiling  water,  and  take  no  harm.  The  precaution 
must  be  taken,  to  have  no  metal  in  contact  with  the  person ; a 
gentleman  who  once  entered  a hot-air  oven  with  spectacles  on,  was 
severely  burnt ; the  metal  frame  became  rapidly  heated,  being  a 
good  conductor,  and  communicated  the  heat  to  his  nose. 

Q.  Could  as  high  a temperature  he  home, 
when  the  air  is  in  motion  ? 

A.  No.  The  effect  of  the  heated  air 
becomes  more  intense  when  it  is  in  motion, 
because  fresh  portions  are  then  continu- 
ally applied  to  the  surface  of  our  body. 

Q.  Can  all  bodies  he  touched  without  inconve- 
nience, when  their  temperature  is  as  high  as  300°  ? 

A.  No.  Metals  cause  pain  when 
their  temperature  is  120°:  water  scalds 
when  its  temperature  is  150°. 

Q.  Why  does  fanning  one's  face  in  summer 
make  it  cool  ? 

B 3 
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A.  Because  the  fan  puts  the  air  in 
motion,  and  makes  it  pass  more  rapidly 
over  one's  face  ; and  (as  the  temperature 
of  the  air  is  always  lower  than  that  of 
the  human  face)  each  puff  of  air  carries 
off  some  portion  of  its  heat. 

Q.  Does  tanning  make  the  air  itself  cooler  ? 

A.  No  : fanning  makes  the  air  hotter  :j 
and  hotter. 

Q.  How  does  tanning  one' s face  increase 
the  heat  of  the  air  ? 

A.  By  driving  the  air  more  rapidly 
over  the  human  body;  and  causing  it 
to  absorb  more  heat. 

Q.  If  fanning  makes  the  air  hotteb,  why 

can  it  make  a person  feel  cooleb  ? 

A.  Because  it  takes  heat  out  of  the 
face,  and  gives  it  to  the  air. 

Q.  Why  is  Iroth  cooled  by  blowing  it  ? 

A.  Because  the  breath  causes  a rapid  j 
change  of  air  to  pass  over  the  broth ; and 
(as  the  air  is  colder  than  the  broth)  it 
continually  absorbs  heat  from  it,  and 
makes  it  cooler  and  cooler. 

Q.  Would  not  the  air  absorb  heat  from  broth 
just  as  well  without  blowing  ? 


BEOTH  COOLED. WIND  COOL.  18T 


A.  No ; air  is  a very  bad  conductor  ; 
unless,  therefore,  the  change  be  rapid, 
that  portion  of  air  nearest  the  surface  of 
the  broth  would  soon  become  as  hot  as 
the  broth  itself. 

Q.  Would  not  hot  air  paet  with  its  heat 
instantly  to  the  ciectjmjacent  air  ? 

A.  No ; not  instantly.  Air  is  so  bad 
a conductor,  that  it  parts  with  its  heat 
very  slowly  ; unless,  therefore,  it  be  kept 
in  continual  motion,  it  would  cool  the 
broth  very  sloivly  indeed. 

Q.  Why  does  wind  generally  feel  cool  ? 

A.  Because  it  drives  the  air  more 
rapidly  over  our  body ; and  this  rapid 
change  of  air,  draws  off  a large  quantity 
of  heat. 

Q.  Why  does  air  ab  soeb  heat  more  quickly 

by  being  set  in  motion  ? 

A.  Because  every  fresh  portion  of  air 
absorbs  a fresh  amount  of  heat ; and  the 
more  rapid  the  current  of  air,  the  greater 
will  be  the  quantity  of  heat  absorbed. 

Q.  If  the  air  were  hotter  than  our  body, 
would  the  wind  feel  cool  ? 

A.  No ; if  the  air  were  hotter  than 
our  body,  it  would  feel  insufferably  warm. 
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Q.  Why  would  the  air  feel  unpleasantly 
hot,  if  it  were  warmer  than  our  body  ? 

A.  Because  it  would  add  to  the  heat 
of  our  body,  instead  of  diminishing  it. 

Q.  Is  the  open  air  ever  as  hot  as  the 

human  hody  ? 

A.  Not  in  this  country;  in  the  hottest 
summer’s  day,  the  air  is  at  least  10  or  12 
degrees  cooler  than  the  human  body. 

Q.  Is  the  earth  a good  conductor  of  heat  ? 

A.  No ; the  earth  is  a bad  conductor 
of  heat. 

Q.  Why  is  the  earth  a bad  conductor  of  heat? 

A.  Because  its  particles  are  not 
continuous : The  power  of  conducting 
heat  depends  upon  the  continuity  of 

matter. 

Q.  Why  is  the  earth  (below  the  surface') 
warmer  in  winter,  than  the  surface  itself? 

A.  Because  the  earth  is  a bad  con- 
ductor of  heat ; and,  therefore,  (although 
the  ground  be  frozen)  the  frost  never 
penetrates  more  than  a few  inches  below 
the  surface. 

Q.  Why  is  the  earth  (below  the  surface) 
cooler  in  summer , than  the  surface  itself? 
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A.  Because  the  earth  is  a bad  con- 
ductor of  heat ; and,  therefore,  (although 
the  surface  be  scorched  with  the  burning 
sun),  the  intense  heat  cannot  penetrate 
to  the  roots  of  the  plants  and  trees. 

Q.  Show  the  wisdom  of  God  in  making  the 
eaeth  a bad  conductor. 

A.  If  the  heat  and  cold  could  pene- 
trate the  earth  (as  freely  as  the  heat  of  a 
fire  penetrates  iron)  the  springs  would 
be  dried  up  in  summer,  and  frozen  in 
winter ; and  all  vegetation  would  be  soon 
destroyed. 

Q.  Why  is  water  from  a seeing-  always 
COOL,  even  in  summer  ? 

A.  Because  the  earth  is  so  bad  a 
conductor,  that  the  rays  of  the  sun  can 
penetrate  only  a few  inches  below  the 
surface ; in  consequence  of  which,  the 
springs  of  water  are  not  affected  by  the 
heat  of  summer. 

Q.  Why  is  it  cool  under  a shady  tree , in 
a hot  summer's  day  ? 

A.  1st — Because  the  overhanging 
foliage  screens  off  the  rays  of  the  sun : 

Sndly — As  the  rays  of  the  sun  are 
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warded  off,  the  air  (beneath  the  tree)  is  not 
heated  by  the  reflection  of  the  earth  : and 

3rdly — The  leaves  of  trees  are  good 
radiators  of  heat;  and,  therefore,  send 
back  to  the  earth  a great  deal  of  that 
which  they  receive. 

Dew  forms  upon  leaves  early  in  the  evening,  because  the  air  cools 
down  quickly  by  rapid  radiation.  (See  p.  210,  &c.) 

Q.  Why  do  Laplanders  wear  skins,  with 
the  fur  inwards  ? 

A.  1st — Becans  edry  skins  preventthe 

wind  from  penetrating  to  their  body ; and 

2ndly — The  air  (between  the  hairs  of 
the  fur)  soon  becomes  heated  by  the  heat 
of  the  body ; in  consequence  of  which, 
the  Laplander  in  his  fur  is  clad  in  a case 
of  hot  air,  impervious  to  cold  and  wind. 

Q.  Why  does  a linen  shirt  feel  coldeb 
than  a cotton  one  ? 

A.  Because  linen  is  a much  better 
conductor  than  cotton ; and,  therefore, 
draws  away  animal  heat  more  rapidly,  and 
produces  a greater  sensation  of  cold. 

Q.  Does  fine  or  coarse  woollen  cloth  maJce 
the  wabmest  clothing  ? 

A.  The  finer  the  cloth,  the  more 
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slowly  it  conducts  heat.  Fine  cloths, 
therefore,  are  warmer  than  coarse  ones. 

Q Is  silk  a good  conductor  of  heat  ? 

A.  No  ; it  is  a bad  conductor  of  heat. 
Spun  silk  allows  the  heat  of  the  body  to 
pass  off  more  quickly  than  wool ; but  raw 
silk  confines  it  more  than  wool.  (p.  172). 

Count  Rumford  found  that  when  a thermometer  cooled  down 
135*>  in  air  in  575  seconds,  it  did  not  cool  down  to  the  same  extent 
in  less  than  917  seconds,  when  surrounded  by  spun  silk;  in  1046 
seconds,  when  surrounded  by  cottonwool;  in  1118  seconds,  when 
surrounded  by  sheep’s  wool ; in  1284  seconds,  when  surrounded  by 
raw  silk ; and  in  1305  seconds,  when  surrounded  by  eider  down. 

Q.  Why  is  our  pace  cooled  by  wiping  the 
temples  with  a fine  cambric  handkerchief  ? 

A.  Because  the  fine  fibres  of  the 
cambric  have  a strong  capillary  attraction 
for  moisture , and  are  excellent  conductors 
of  heat : in  consequence  of  which,  the 
moisture  and  heat  are  abstracted  from 
our  face  by  the  cambric,  and  a sensation 
of  coolness  produced. 

“Capillary  attraction,”  i.e.  the  attraction  of  a tluead  or  hair. 
The  wick  of  a candle  is  wet  with  grease,  because  the  melted  tallow 
runs  up  the  cotton  from  capillary  attraction. 

Q.  Why  would  not  a cotton  handkerchief 
do  as  well  ? 

A.  Because  the  coarsefibres  of  cotton 
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have  very  little  capillary  attraction,  and 
are  very  bad  conductors  ; in  consequence 
of  which,  the  heat  of  our  face  would  be 
increased  (rather  than  diminished ) by  the 
use  of  a cotton  handkerchief. 


CHAPTER  XIY. 


2.— ABSORPTION  OF  HEAT. 

Q.  What  is  the  difference  between  con- 
ducting heat,  and  absorbing  heat  ? 

A.  To  conduct  heat,  is  to  transmit  it 
from  one  body  to  another  through  a 
conducting  medium  : To  absorb  heat,  is  to 
such  it  up,  as  a sponge  sucks  up  water. 

Q.  Give  me  an  example. 

A.  Black  cloth  absorbs,  hut  does  not 
conduct  heat : thus,  if  black  cloth  be  laid 
in  the  sun,  it  will  absorb  the  rays  very 
rapidly;  but  if  one  end  of  the  black  cloth 
oe  made  hot,  it  would  not  conduct  the 
heat  to  the  other  end. 

Q.  Are  good  conductors  of  heat . good 
ABSORBERS  also  / 
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A.  No ; every  good  conductor  of  heat 
is  a bad  absorber  of  it : and  no  good 
absorber  of  heat  can  be  a good  conductor 
also. 

Q.  Is  iron  a good  absorber  of  heat  ? 

A.  No ; iron  is  a good  conductor,  but 
a very  bad  absorber  of  heat. 

The  power  of  absorbing1  heat  depends  on  the  nature  of  the  surface 
of  a body ; thus,  bright  or  polished  surfaces  will  not  absorb  heat  so 
readily  as  rough  and  black  ones. 

Q.  Why  do  the  tike-iron's  (which  lie  upon 
a eender)  remain  cold,  although  they  are  before 
a good  fire  ? 

A.  Because  they  are  bad  absorbers 
of  heat : in  consequence  of  which,  they 
remain  cold,  unless  they  come  in  contact 
with  the  stove  or  fire. 

Q.  Why  are  the  fire-ikon's  intensely  hot, 
when  they  rest  against  a stoye  which  contains 
a good  fire  ? 

A.  Because  they  are  excellent  con- 
ductors of  heat,  and  draw  it  rapidly  from 
the  stove  with  which  they  are  in  contact. 

Q.  Why  does  a kettle  boil  faster,  when 
the  bottom  and  back  are  covered  with  SOOT  ? 

A.  Because  the  black  soot  absorbs 
heat  very  quickly  from  the  fire,  and  the 
metal  conducts  it  to  the  water.  s 
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Q.  Why  will  not  a new  kettle  loil  so 
fast  as  an  old  one  ? 

A.  Because  the  bottom  and  sides  of  a 
new  kettle  are  clean  and  bright : but  in 
an  old  kettle  they  are  covered  with  soot. 

Q.  Why  would  a kettle  boil  more  slowly, 
if  the  bottom  and  bach  were  clean  and  bright  ? 

A.  Because  bright  metal  does  not  ab- 
sorb heat,  hut  reflects  it : and  (as  the  heat 
is  thrown  off  from  the  surface  of  bright 
metal  by  reflection),  therefore,  a new 
kettle  takes  a longer  time  to  boil. 

Reflects  heat,  i.e.  throws  it  off. 

Q.  Why  do  we  wear  a black  outer  dress, 
if  we  leant  to  he  warm  ? 

A.  Because  a black  outer  dress  quickly 
absorbs  heat  from  the  sun’s  rays. 

Q.  Why  do  persons  weak  white  dresses  in 
summer  time  ? 

A.  Because  white  throws  off  the  heat 
of  the  sun  by  reflection,  and  is  a very  bad 
absorbent  of  heat;  in  consequence  of 
which)  white  dresses  never  become  so  hot 
from  the  scorching  sun,  as  dark  colours  do. 

Q.  Why  do  not  persons  wear  white  dresses 
in  winter  time  i 
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A.  Because  white  will  not  absorb  heat 
like  black  and  other  dark  colours ; and, 
therefore,  white  dresses  are  not  so  warm  as 
dark  ones. 

Q.  What  colours  are  warmest  for  dresses  ? 

A.  For  outside  garments  blacTt  is  the 
warmest,  and  then  such  colours  as  ap- 
proach nearest  to  black  (as  dark  blue  and 
green).  White  is  the  coldest  colour  for 
external  clothing. 

Q.  Why  are  hark  colours  (for  external 
wear)  so  much  warmer  than  light  ones  ? 

A.  Because  dark  colours  absorb  heat 
from  the  sun  more  abundantly  than  light 
ones. 

Q.  Sow  can  you  prove  that  dark  colours 
are  warmer  than  light  ones  ? 

A.  If  a piece  of  black  and  a piece  of 
white  cloth  were  laid  upon  snow,  in  a few 
hours  the  black  cloth  will  have  melted  the 
snow  beneath ; whereas,  the  ivhite  cloth 
will  have  produced  little  or  no  effect  upon 
it  at  all. 

N.B.  The  darker  any  colour  is,  the  warmer  it  is,  because  it  is  9 
better  absorbent  of  heat.  The  order  may  be  thus  arranged : — 1. 
Black  (warmest  of  all). — 2.  Violet. — 3.  Indigo. — 4.  Blue. — 5. 
Green.— 6.  Red.— 7.  Yellow  -*■  White  (coldest  of  all). 
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Q.  Why  are  black  kid  gloves  unpleasantly 
hot  for  summer  wear  ? 

A.  1st — Because  black  absorbs  the 

solar  heat : and 

Sndly — Kid  will  not  allow  the  heat  of 
our  hand  to  escape  through  the  glove. 

Q.  Why  are  Lisle  theead  gloves  agree- 
ably cool  for  summer  wear  ? 

A.  1st — Because  thread  absorbs  per- 
spiration : and 

Sndly — It  conducts  away  the  heat  of 
our  hot  hands. 

Q.  Are  Lisle  thread  gloves  absorbents  of 
heat  ? 

A.  No ; Lisle  thread  gloves  are  gene- 
rally of  a grey  or  lilac  colour : and, 
therefore,  do  not  absoi'b  solar  heat. 

Q.  Why  is  a plate-wabmeb  made  of  un- 
painted bright  tin  ? 

A.  Because  bright  tin  reflects  the  heat 
(which  issues  from  the  fire  in  rays)  upon 
the  meat ; and,  therefore,  greatly  assists 
the  process  of  roasting. 

Reflects  the  heat,  i.e.  throws  it  back  upon  the  meat. 

Q.  Why  would  not  the  tin  reelector  do 
as  well , if  it  were  painted  ? 

A.  Because  it  would  then  absorb  heat, 


BLACK  SKINS. 


197 


and  not  reflect  it  so  well.  A plate-warmer 
should  never  be  painted,  but  be  kept  very 
clean,  bright,  and  free  from  all  scratches. 

Q.  Why  should  a reflector  he  kept  so 
very  clean,  and  free  from  all  scratches  ? 

A.  Because,  if  a reflector  were  spotted, 
dull , or  scratched,  it  would  absorb  heat, 
instead  of  reflecting  it ; and,  consequently, 
would  be  of  no  use  whatsoever  as  a 
reflector. 

Q.  Why  does  hoar-frost  remain  on  tomb- 
stones, long  after  it  has  melted  from  the  grass 
and  gravel-walks  of  a church-yard  ? 

A.  Because  tomb-stones  (being  white) 
will  not  absorb  heat,  like  the  darker  grass 
and  gravel ; in  consequence  of  which, 
they  remain  too  cold  to  thaw  the  frost 
congealed  upon  their  surface. 

Q.  If  hlack  absorbs  heat , why  have  those  who 
live  in  hot  climates  black  skins,  and  not  white 
skins , which  would  not  absorb  heat  at  all  ? 

A.  Because  black  will  not  blister  from 
the  heat  of  the  sun.  Although,  therefore, 
the  black  skin  of  a negro  absorbs  heat 
more  plentifully  thac  the  white  skin  of  a 
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European  ; yet  the  blackness  prevents  the 
sun  from  blistering  or  scorching  it. 

Q.  Sow  is  it  known,  that  black  colour 
prevents  the  sun  from  either  blistering  or 
SCORCHING  the  shin  P 

A.  If  you  place  a white  cloth  glove  over 
one  hand,  and  a black  cloth  one  on  the 
other,  (when  the  sun  is  burning  hot,) 
the  hand  with  the  white  cloth  covering 
will  be  scorched,  but  not  the  other. 

Q.  Which  hand  will  feel  the  hotter? 

A.  The  hand  covered  with  black  cloth 
will  feel  the  hotter,  but  will  not  be  scorched 
by  the  sun : whereas,  the  hand  covered 
with  white  doth  (though  much  cooler ) will 
he  severely  scorched. 

Q.  Why  does  the  black  skin  of  a negro 
never  scorch  or  blister  with  the  hot  sun  ? 

A.  Because  the  black  colour  absorbs 
the  heat,  and  conveys  it  beloiv  the  surface 
of  the  skin. 

Q.  Why  does  the  white  European  skin  blis- 
ter and  scorch,  when  exposed  to  the  hot  sun  ? 

A.  Because  white  will  not  absorb  heat; 
and,  therefore,  the  hot  sun  rests  on  the 
surface  of  the  skin}  and  scorches  it. 
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Q..  Why  has  a negro  black  exes  ? 

A.  Because  the  black  colour  defends 
them  from  the  strong  light  of  the  tropi- 
cal sun.  If  a negro’s  eyes  were  not 
black,  the  sun  would  so  dazzle  them , 
that  the  negro  might  become  blind. 

Q.  Why  is  watek  (in  hot  weather)  kept 
cooler  in  a bright  tint  pot  than  in  an  earthen 
one t 

A.  Because  bright  metal  will  not 
absorb  heat  from  the  hot  air,  like  an 
earthen  vessel ; in  consequence  of  which, 
the  water  is  kept  cooler. 

■Foiling  water  is  also  kept  hot  in  bright  metal,  better  than  in 
varthen  vessels.  (See  p.  209.) 


CHAPTER  XY. 

3.— REFLECTION  OF  HEAT. 

Q.  What  is  meant  ly  reflecting  heat  ? 
A.  To  reflect  heat,  is  to  throw  it  bach 
in  rays  from  the  surface  of  the  reflecting 
body,  towards  the  place  whence  it  came. 

Q.  What  are  the  best  reflectors  of  heat  f 
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A.  All  bright  surfaces,  and  light 
colours. 

Q.  Are  good  absorbers  of  heat  good  re- 
flectors also  ? 

A.  No : those  things  which  absorb 
heat  best,  reflect  heat  worst;  and  those 
which  reflect  heat  worst,  absorb  it  best. 

Q.  Why  are  those  things  which  absorb 
heat , unable  to  reflect  it  ? 

A.  Because  the  same  heat  cannot  be 
both  absorbed  and  reflected  : if  absorbed 
or  taken  into  a substance,  it  cannot  also 
be  thrown  off  from  its  surface  : and  if 
thrown  off  from  the  surface,  it  cannot 
also  be  taken  into  the  substance. 

Q.  Why  are  reelectors  always  made  of 

LIGHT-COLOURED  and  />«y/%-POLISHED  METAL  ? 

A.  Because  %/it-coloured  and  highly- 
polished  metal  makes  the  best  of  all 
reflectors. 

Q.  Why  do  not  plate-warmers  blister  and 
scorch  the  wood  behind? 

A.  Because  the  bright  tin  front 
throws  the  heat  of  the  fire  back  again, 
and  will  not  allow  it  to  penetrate  to  the 
wood  behind. 


TIN  REFLECTORS.  SOI 

Q.  If  metal  be  such  an  excellent  conductor 

of  heat,  how  can  it  reflect  heat,  or  throw  it  off  ? 

A.  Polished  metal  is  a conductor  of 
heat,  only  when  that  heat  is  communicated 
by  actual  contact : But,  whenever  heat 
falls  upon  bright  metal  in  rays,  it  is 
reflected  back  again,  and  the  metal 
remains  cool. 

Q.  What  is  meant  by  “ heat  falling  upon 
metal  in  says,”  and  not  “by  contact  I” 

A.  A piece  of  metal  thrust  into  a fire 
would  be  in  actual  contact  with  that  fire  ; 
but  if  held  before  a fire,  the  heat  of  the 
fire  would  fall  upon  it  in  rays. 

Q.  What  is  the  use  of  the  tin  screen  or 
reflector,  used  in  roastin  g ? 

A.  It  throws  the  heat  of  the  fire  back 
upon  the  meat : and,  therefore,  both 
assists  the  process  of  roasting,  and  helps 
to  keep  the  kitchen  cool. 

Q.  How  does  a tin  reflector  tend  to  keep 

the  KITCHEN  COOL  ? 

A.  By  confining  the  heat  of  the  fire 
to  the  hearth,  and  preventing  its  disper- 
sion throughout  the  kitchen. 

Q.  Why  are  shoes  hotter  for  being  dusty? 
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A.  Because  dull  dusty  shoes  wil. 
absorb  heat  from  the  sun,  earth,  and  air; 
but  shoes  brightly  polished,  throw  off 
the  heat  of  the  sun  by  reflection. 

Q*  Why  does  it  always  freeze  on  the  top 
of  a high  mountain  ? 

A.  1st — Because  air  is  heated  by 
contact  with  the  earth’s  surface , and  not 
by  solar  rays  which  pass  through  it : As 
a mountain-top  affords  very  small  surface 
for  such  contact,  it  remains  intensely 
cold ; and 

2ndly — When  air  flows  up  the  side  of 
a mountain,  it  expands  from  diminished 
pressure  ; and  consequently  absorbs  heat 
from  surrounding  objects. 

Rarefied  air  can  hold  more  latent  heat  than  dense  air  can. 


CHAPTER  XYI. 

4.— RADIATION. 

Q.  What  is  meant  hy  radiation  ? 

A.  Radiation  means  the  emission  of 
rays : Thus,  the  sun  radiates  both  light 
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and  heat ; that  is,  it  emits  rays  of  light 
and  heat  in  all  directions. 

Q.  When  is  heat  badiated  from,  one  body 
to  another  ? 

A.  When  the  two  bodies  are  separated 
by  a non-conducting  medium ; thus,  the 
sun  radiates  heat  towards  the  earth,' 
because  the  air  (which  is  a very  bad 
conductor)  comes  between. 

Q.  On  what  does  radiation  depend? 

A.  On  the  roughness  of  the  radiating 
surface  : thus,  if  metal  be  scratched,  its 
radiating  power  is  increased;  because 
the  heat  has  more  points  to  escape  from. 

Q.  Does  afire  radiate  heat  ? 

A.  Yes ; and  because  burning  fuel 
emits  rays  of  heat,  therefore,  we  feel  warm 
when  we  stand  before  a fire. 

Q.  Why  does  our  face  feel  uncomfortably 
hot,  when  we  approach  a fire  ? 

A.  Because  the  fire  radiates  heat 
upon  it ; and  (not  being  covered)  it  feels 
the  effect  immediately. 

Q.  Why  does  the  fire  catch  our  each  more 
than  it  does  the  best  of  our  body  ? 

A.  Because  the  rest  of  our  body  is 
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covered  with  clothing ; which  (being  a 
bad  conductor)  prevents  the  same  sudden 
and  rapid  transmission  of  heat  to  our 
skin. 

Q.  Do  those  substances  which  radiate  heat , 
absorb  heat  also  ? 

A.  Yes.  Those  substances  which 
radiate  most,  also  absorb  most  heat  : and 
those  which  radiate  least,  also  absorb  the 
least  heat. 

Q.  Does  any  thing  else  radiate  heat , besides 
the  sun  and  EIRE  ? 

A.  Yes ; all  things  radiate  heat  in 
some  measure,  but  not  equally  ivell. 

Q.  What  things  radiate  heat  the  next 
best  to  the  sun  and  fire  ? 

A.  All  dull  and  dark  substances  are 
good  radiators  of  heat : but  all  light  and 
polished  substances  are  bad  radiators. 

Q.  Why  should  the  flees  ( connected  ivith 
Arnott' s stoves,  Sfc.~)  he  always  blackened  with 
BLACK  LEAD  ? 

A.  In  order  that  the  heat  of  the  flue 
may  be  more  readily  diffused  throughout 
the  room.  Black  lead  radiates  heat  more 
freely,  than  any  other  known  substance. 
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A better  name  for  black  lead  is  “ graphite,”  because  it  contains  no 
metallic  lead,  but  is  a mixture  of  carbon  and  iron . It  is  used  chiefly 
in  black-lead  pencils ; and  hence  its  name,  from  the  Greek  word 

vpa<f>eu/  to  write.  The  black  lead  used  for  domestic  purposes  con- 
tains only  a small  portion  of  true  “ graphite.” 

Q.  Why  does  a polished  metal  tea-pot 
make  letter  tea  than  a black  earthen  one  ? 

A.  Because  polished  metal,  (being  a 
very  bad  radiator  of  heat)  keeps  the  water 
hot  much  longer  ; and  the  hotter  the  water 
is,  the  better  it  “ draws”  the  tea. 

Q.  Why  does  not  a dull  black  tea-pot 
make  good  tea  ? 

A.  Because  the  heat  of  the  water 
flies  off  so  quickly  through  the  dull  black 
surface  of  the  tea-pot,  that  the  water  is 
very  rapidly  cooled,  and  cannot  “ draw” 
the  tea. 

Q.  Why  do  pensioners,  and  aged  cottagers , 
generally  prefer  the  little  black  earthen  tea-pot 
to  the  bright  metal  one  ? 

A.  Because  they  set  it  on  the  hob 
“to  draw;”  in  which  case,  the  little 
black  tea-pot  will  make  the  best  tea. 

Q.  Why  will  a black  tea-pot  make  better 
\ tea  than  a briqht  metal  one,  if  set  upon  the  hob 
to  DBMW  ? 

A.  Because  the  black  tea-pot  will 
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absorb  heat  plentifully  from  the  fire,  and 
keep  the  water  hot : whereas,  a bright 
metal  tea-pot  (set  upon  the  hob)  would 
throw  off  heat  by  reflection. 

Q.  Then  sometimes  a black  earthen  tea - 
pot  is  the  host,  and  sometimes  a bright  metal  one  ? 

A.  Yes  ; when  a tea-pot  is  set  on  the 
hob  “ to  draw,”  black  earth  is  the  best, 
because  it  absorbs  heat : But,  when  a 
tea-pot  is  not  set  on  the  hob,  bright 
metal  is  the  best;  because  it  radiates 
heat  very  slowly,  and  therefore  keeps  the 
water  hot. 

Q.  Why  does  a saucepan,  which  has  been 
used,  boil  in  a shorter  time  than  a new  one  ? 

A.  Because  the  bottom  and  back  are 
covered  with  soot : and  black  soot  rapidly 
absorbs  heat  from  glowing  coals. 

Q.  Why  should  the  eront  and  lid  of  a 
saucepan  be  clean  and  bright  ? 

A.  Because  they  cannot  absorb  heat,  as 
they  do  not  come  in  contact  with  the  fire ; 
and  (being  bright)  they  will  not  suffer  the 
heat  inside  them  to  escape  by  radiation. 

Q.  In  what  state  should  a saucepan  be,  in 
order  that  it  may  boil  most  quickly  ? 
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A.  All  those  parts,  which  come  in 
contact  with  the  fire,  should  be  covered 
with  soot,  in  order  to  absorb  heat ; but  all 
the  rest  should  be  as  bright  as  possible  to 
prevent  the  esmpe  of  heat  by  radiation. 

Q.  Why  is  it  said  that  “ Saturday's  ket- 
tle boils  the  fastest?” 

A.  Because  on  Saturday,  the  front 
and  top  of  the  kettle  are  generally  cleaned 
and  polished;  but  the  bottom  and  back 
of  the  kettle  are  never  cleaned. 

Q.  Why  should  not  the  bottom  and  back 
of  a kettle  he  clean  and  polished  ? 

A.  Because  they  come  in  contact  with 
the  fire,  and  (while  they  are  covered  with 
black  soot)  absorb  heat  freely  from  the 
burning  coals. 

Q.  Why  should  the  peont  and  top  of  a 
Tcettle  he  clean  and  well  polished  ? 

A.  Because  polished  metal  will  not 
radiate  heat;  and,  therefore,  (while  the 
front  and  top  of  a kettle  are  well  polish- 
ed) the  heat  is  kept  in,  and  not  suffered 
to  escape  by  radiation. 

Q.  Why  does  the  bottom  of  a kettle  feel 
nearly  cold  when  the  water  is  boiling  hot  ? 
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A.  Because  black  soot  is  a very  bad 
conductor  of  heat ; and,  therefore,  the 
heat  of  the  boiling  water  is  some  time 
before  it  gets  through  the  soot,  which  ad- 
heres to  the  bottom  of  the  kettle. 

Q.  Why  is  the  lid  of  a kettle  intensely 
HOT,  when  the  water  boils  ? 

A.  Because  the  bright  metal  lid  is 
an  admirable  conductor ; and,  therefore, 
heat  from  the  boiling  water  pours  into  our  \ 
hand  the  moment  we  touch  it. 

Q.  Show  the  benefit  of  smoke  in  cooking. 

A.  The  carbon  of  the  fuel  (which 
flies  off  in  smoke)  naturally  blachens  all 
culinary  vessels  set  upon  a fire  to  boil, 
and  thus  renders  them  fit  for  use. 

“Culinary  vessels”  are  vessels  used  in  kitchens  for  cooking1,  as 
saucepans,  boilers,  kettles,  &c.,  from  the  Latin  word  “Culi'na,” 

( a kitchen ). 

Q.  How  does  smoke  malce  culinary  vessel 
eit  for  USE  ? 

A.  By  covering  them  with  soot.  If 
it  were  not  for  the  soot  (which  gathers 
round  a kettle  or  saucepan)  heat  would 
not  be  absorbed,  and  the  process  of 
boiling  would  be  greatly  retarded. 
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Q.  Why  is  foiling  water  kept  hot  in  a bright 
metal  pot , better  than  in  an  earthen  vessel  ? 

A.  Because  bright  metal  (being  a 
bad  radiator ) will  not  throw  of  from  its 
surface  the  heat  of  the  boiling  water. 

Q.  Why  would  not  a metal  pot  serve  to  iceep 
water  hot  if  it  were  dull  and  dirty  ? 

A.  Because  it  is  the  bright  polish  of 
the  metal,  which  makes  it  a bad  radiator ; 
and  if  it  were  dull,  scratched,  or  dirty, 
heat  would  escape  very  rapidly. 

Water  in  hot  weather  is  also  kept  cooler  in  bright  metal  than  m 
dull  or  earthen  vessels.  (Seep.  199.) 

Q.  Why  are  dinner-covers  made  of  bright 
tih  or  SILVER? 

A.  Becauselight-coloured  and  highly- 
polished  metal  is  a very  bad  radiator  oj 
heat ; and,  therefore,  bright  tin  or  silver 
will  not  allow  the  heat  of  the  cooked  food 
to  escape  through  the  cover  by  radiation. 

Q.  Why  should  a meat-cover  he  very 
brightly  polished  ? 

A.  To  prevent  the  heat  of  the  food 
from  escaping  by  radiation.  If  a meat- 
cover  be  dull  or  scratched,  it  will  allow 
the  heat  of  the  food  beneath  to  fly  off 
into  the  room.  t 3 
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Q.  Why  should  a silver  meat-cover  he  plain, 
and  not  enchased? 

A.  Because  a chased  meat-cover 
would  not  prevent  the  radiation  of  heat 
so  perfectly  as  a plain  one. 

Q.  What  is  dew  ? 

A.  Dew  is  the  vapour  of  the  air  con- 
densed, by  coming  in  contact  with  bodies 
colder  than  itself. 

Q.  Why  is  the  gbound  sometimes  covebed 
with  dew  ? 

A.  Because  the  surface  of  the  earth 
(at  sunset)  is  made  so  cold  by  radiation, 
that  the  warm  vapour  of  the  air  is  chilled, 
by  contact,  and  condensed  into  dew 

Q.  Why  is  the  earth  CODDEK  than  the  aib, 
after  the  sun  has  set  ? 

A.  Because  the  earth  radiates  heat 
very  freely,  but  the  air  does  not;  in 
consequence  of  which,  the  earth  is  often 
5 or  10  degrees  colder  than  the  air  (after 
sunset) ; although  it  was  much  warmer 
than  the  air,  during  the  whole  day. 

Q.  Why  is  the  earth  waemeb  than  the  aib, 
during  the  day  ? 

A.  Because  the  earth  absorbs  solar 
heat  very  freely,  but  the  air  does  not;  in 
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consequence  of  which,  it  is  often  many 
degrees  warmer  than  the  air,  during  the 
day. 

Q.  Why  is  the  surface  of  the  ground  colder 
in  a fine  clear  night , than  in  a cloudy  one  ? 

A.  Because  on  a fine  clear  star-light 
night,  heat  radiates  from  the  earth  freely, 
and  is  lost  in  open  space  : but  on  a dull 
night,  the  clouds  arrest  the  process  of 

radiation. 

Q.  Why  is  dew  deposited  only  on  a fine  clear 
night  ? 

A.  Because  the  surface  of  the  ground 
radiates  heat  most  freely  on  a fine  night ; 
and  (being  cooled  down  by  this  loss  of 
heat)  condenses  the  vapour  of  the  air  into 
dew. 

Q.  Why  is  there  no  dew  on  a dull  cloudy 
night  ? 

A.  Because  clouds  arrest  the  radiation 
of  heat  from  the  earth ; and  (as  the  heat 
cannot  freely  escape)  the  earth’s  surface 
is  not  sufficiently  cooled  down,  to  con- 
dense the  vapour  of  the  air  into  dew. 

Q.  Why  is  a cloudy  night  warmer  than  a 
fine  one  ? 
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A.  Because  clouds  prevent  the  radia- 
tion of  heat  from  the  earth;  in  conse- 
quence of  which,  the  surface  of  the  earth 
remains  ivarmer. 

Q.  Why  is  dew  most  abundant  in  situations 
most  exposed  ? 

A.  Because  the  radiation  of  heat  is 
not  arrested  by  houses,  trees,  hedges,  or 
any  other  things. 

Q.  Why  is  there  scarcely  any  dew  under  a 
teee  when  in  full  foliage  ? 

A.  1st — Because  the  thick  foliage 
arrests  the  radiation  of  heat  from  the 
earth : and 

2ndly — It  radiates  some  of  its  own 
heat  towards  the  earth;  in  consequence 
of  which,  the  ground  underneath  a leafy 
tree  is  not  sufficiently  cooled  down,  to 
chill  the  vapour  of  the  air  into  dew. 

Q,.  Why  is  there  never  much  dew  at  the 
foot  of  walls  and  hedges  ? 

A.  1st — Because  they  act  as  screens, 
to  arrest  the  radiation  of  heat  from  the 
earth : and 

2ndly — They  themselves  radiate  some 
portion  of  heat  towards  the  earth : in 
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consequence  of  which,  the  ground  at  the 
foot  of  walls  and  hedges  is  not  sufficiently 
cooled  down,  to  condense  the  vapour  of 
the  air  into  dew. 

Q.  Why  is  there  little  or  no  dew  beneath  a 
blower- awning,  although  that  awning  be  open 
on  all  four  sides  ? 

A.  1st — Because  the  awning  arrests 
the  radiation  of  heat  from  the  ground 
beneath : and 

2ndly — It  radiates  some  of  its  own 
heat  downwards;  in  consequence  of 
which,  the  ground  beneath  an  awning  is 
not  sufficiently  cooled  down,  to  chill  the 
vapour  of  air  into  dew. 

Q.  Sow  can  a thin  covering  of  bass  or  even 
muslin,  protect  trees  from  erost  ? 

A.  Because  any  covering  prevents 
the  radiation  of  heat  from  the  tree ; and 
if  trees  are  not  cooled  down  by  radiation, 
the  vapour  of  the  air  will  not  be  frozen, 
as  it  comes  in  contact  with  them. 

Bass,  pronounce  bas — a kind  of  matting  used  by  gardeners. 

Q.  Why  is  the  bass  or  canvass  itself  ( which 

covers  a tree ) always  drenched  with  dew  ? 

A Because  it  radiates  heat  both  up - 
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wards  and  downwards ; in  consequence 
of  which,  it  is  so  cooled  down,  that  it 
readily  condenses  the  vapour  of  the  air 
into  dew. 

Q.  Why  does  snow  (at  the  foot  of  a hedge 
or  wall)  melt  sooner  than  that  in  an  open  field  ? 

A.  Because  hedges  or  walls  radiate 
heat  into  the  snow,  which  melts  it. 

Q.  Why  is  there  NO  dew  after  a windy 
night  ? 

A.  Because  wind  evaporates  the  mois- 
ture, as  fast  as  it  is  deposited. 

Q.  Why  are  valleys  and  hollows  often 
thiclcly  covered  with  dew,  although  they  are 
sheltered  ? 

A.  Because  surrounding  hills  prevent 
the  repose  of  air  from  being  disturbed ; 
but  do  not  overhang  and  screen  the  valleys 
sufficiently  to  arrest  radiation. 

Q.  Why  does  dew  fall  more  abundantly  on 
some  things,  than  on  others  ? 

A.  Because  some  things  radiate  heat 
more  freely  than  others ; and,  therefore, 
become  much  cooler  in  the  night. 

Q.  Why  are  things  which  radiate  heat  most 
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freely,  always  the  most  thickly  covered  with 

DEW  ? 

A.  Because  the  vapour  of  the  air  is 
condensed  into  dew , the  moment  it  comes 
in  contact  with  them. 

Q.  What  kind  of  things  radiate  heat  most 

FREELY  ? 

A.  Grass,  wood,  and  the  leaves  of 
plants,  radiate  heat  very  freely ; but 
polished  metal,  smooth  stones,  and 
woollen  cloth,  part  with  their  heat  very 
tardily. 

Q.  Do  the  leaves  of  all  giants  radiate  heat 
EQUALLY  well  ? 

A.  No.  Rough  woolly  leaves  (like 
those  of  a holly-hock)  radiate  heat  much 
more  freely,  than  the  hard  smooth  polished 
leaves  of  a common  laurel. 

Q.  Shew  the  wisdom  of  God  in  making 
grass,  the  leaves  of  trees,  and  all  vegetables, 
excellent  radiators  of  heat. 

A.  As  vegetables  require  much  mois- 
ture, and  would  often  perish  without  a 
plentiful  deposit  of  dew,  God  wisely  made 
them  to  radiate  heat  freely,  so  as  to  con- 
dense the  vapour  (which  touches  them) 
into  dew. 
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Q.  Will  polished  metal,  smooth  stones,  and 
woollen  cloth,  readily  collect  hew  ? 

A.  No.  While  grass  and  the  leaves  of 
plants  are  completely  drenched  with  dew,  a 
piece  of  polished  metal , or  of  woollen  cloth 
(lying  on  the  same  spot),  will  be  almost  dry. 

Q.  Why  would  polished  metal  and  woollen 
cloth  he  dey,  while  grass  and  leaves  are  drenched 
with  hew  ? 

A.  Because  polished  metal  and  wool- 
len cloth  part  with  their  heat  so  slowly , 
that  the  vapour  of  the  air  is  not  condensed 
into  dew,  when  it  passes  over  them. 

Q.  Why  is  a gravel  walk  almost  bet,  when 
a grass  plat  is  thickly  covered  with  DEW  ? 

A.  Because  grass  is  a good  radiator, 
and  throws  off  its  heat  very  freely  ; but 
gravel  is  a bad  radiator,  and  parts  with 
its  heat  slowly. 

Q.  Is  that  the  reason  why  grass  is  satwratea 
with  DEW,  and  the  gravel  is  NOT  ? 

A.  Yes.  When  the  vapour  of  warm 
air  comes  in  contact  with  the  cold  grass, 
it  is  instantly  deposited  as  dew ; but  it 
is  not  so  freely  condensed , as  it  passes 
over  the  warmer  gravel. 
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Q.  Why  is  dew  rarely  distilled  upon  hard 
rocks  and  barren  lands  ? 

A.  Because  rocks  and  barren  lands 
are  so  compact  and  hard,  that  they  can 
neither  absorb  nor  radiate  much  heat : 
and  (as  their  temperature  varies  very 
little ) very  little  dew  distils  upon  them. 

Q Why  does  dew  fall  more  abundantly  on 
cultivated  soils  than  on  barren  lands  ? 

A.  Because  cultivated  soils  (being 
! loose  and  porous ,)  very  freely  radiate  by 
might,  the  heat  which  they  absorbed  by 
day ; in  consequence  of  which,  they  are 
much  cooled  down,  and  plentifully  condense 
the  vapour  of  the  passing  air  into  dew. 

Q.  Shew  the  wisdom  of  God  in  this  arrange- 
ment. 

A.  Every  plant  and  each  portion  of 
land,  which  needs  the  moisture  of  dew, 
is  adapted  to  collect  it;  but  not  a single 
drop  is  wasted,  where  its  refreshing 
jmoisture  is  not  required. 

Q.  Shew  the  wisdom  of  GtOD  in  making 
polished  metal  and  woollen  cloth  bad  radiatobs 
of  heat. 

A.  If  polished  metal  collected  dew  as 
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easily  as  grass,  it  could  never  be  kept  dry 
and  free  from  rust.  Again,  if  woollen 
garments  collected  dew  as  readily  as  the 
leaves  of  trees,  we  should  be  often  wet , 
and  subject  to  the  risk  of  “ taking  cold.” 

Q.  Shew  how  this  affords  a beautiful  illus- 
tration of  Gideon’s  miracle,  recorded  in  the 
booh  of  Judges , vi.  37,  38. 

A.  The  fleece  of  wool  (which  is  a 
very  bad  radiator  of  heat)  was  wet  with 
dew : when  the  grass  (which  is  a most 
excellent  radiator)  was  quite  dry. 

Q.  Was  not  this  contrary  to  the  laws  of 
nature  ? 

A.  Yes  : and  was,  therefore,  a plain 
demonstration  of  the  power  of  God,  who 
could  thus  change  the  very  nature  of 
things  at  his  will. 

Q.  Why  do  our  clothes  feel  damp,  after 
walking  in  a fine  evening  in  spring  or  autumn  ? 

A.  Because  vapour  (condensed  by 
the  cooling  of  the  air)  is  deposited  upon 
them,  like  dew. 

Q.  Why  arevmsTtO'WS  ofteneovered  with  thick 
Mist,  and  the  frames  wet  with  standing  water  ? 

A.  Because  the  temperature  of  the 
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external  air  always  falls  at  sun-set,  and 
chills  the  window-glass,  with  which  it 
comes  in  contact. 

Q.  How  does  this  account  for  the  mist  and 
wateb  on  a window  ? 

A.  As  the  warm  vapour  of  the  room 
touches  the  cold  glass,  it  is  chilled  and 
condensed  into  mist ; and  the  mist  (col- 
lecting into  drops)  rolls  down  the  window- 
frame  in  little  streams  of  water. 

Q.  Why  does  the  glass  of  a window  COOL 
down  more  rapidly,  than  the  air  of  the  room  itself? 

A.  Because  the  air  of  the  room  is 
kept  warm  by  fires,  and  animal  heat ; in 
consequence  of  which,  it  suffers  very 
little  diminution  of  heat  from  the  setting 
of  the  sun. 

Q.  Whence  arises  the  YAl’oUK  of  a room  ? 

A.  1st — The  air  of  the  room  itself 

naturally  contains  vapour: 

2ndly — The  breath  and  insensible  per- 
spiration of  the  inmates  increase  this 
vapour : and 

3rdly — Hot  dinners,  the  steam  of  tea , 
and  so  on,  increase  it  still  more. 
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Q.  What  is  meant  ly  “ insensible  perspi- 
ration ?" 

A.  From  every  part  of  the  human 
body,  an  insensible  and  invisible  perspira- 
tion issues  all  night  and  day ; not  only 
in  the  hot  weather  of  summer,  but  also 
in  the  coldest  day  of  winter. 

Q If  the  perspiration  he  loth  insensible 
and  invisible,  how  is  it  known  that  there  is  any 
such  perspiration  ? 

A.  If  you  put  your  naked  arm  into 
a clean  dry  glass  tube,  the  perspiration 
will  condense  on  the  glass,  like  mist. 

Q Why  are  carriage  windows  very  soon 
covered  with  thick  mist  ? 

A.  Because  the  warm  vapour  of  the 
carriage  is  condensed  by  the  cold  glass, 
and  covers  it  with  a thick  mist. 

Q.  Why  is  the  glass  window  cold  enough 
to  condense  the  vapour  of  the  carriage  ? 

A.  Because  the  inside  of  the  carriage 
is  much  warmer  than  the  outside  ; and 
the  glass  window  is  made  cold  by  contact 
with  the  external  air. 

Q.  Where  does  the  wakm  vapour  of  the 
carriage  come  from  ? 

A , From  the  warm  breath  and 
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insensible  perspiration  of  the  persons 
riding  in  it. 

Q.  What  is  the  cause  of  the  pretty  frost- 
work, seen  on  bed-room  windows  in  winter  time  ? 

A.  The  breath  and  insensible  perspi- 
ration of  the  sleeper  (coming  in  contact 
with  the  ice-cold  window)  are  frozen  by 
the  cold  glass ; and  form  those  beautiful 
appearances  seen  in  bed-rooms  on  a 
winter’s  morning. 

Q.  Why  is  the  glass  of  a window  colder 
than  the  walls  of  a room  ? 

A.  Because  glass  is  so  excellent  a 
radiator,  that  it  parts  with  its  heat  more 
rapidly  than  the  walls  do. 

Q.  Why  is  a tumbler  of  cold  water 
made  quite  dull  with  mist,  when  brought  into  a 
room  full  of  people  ? 

A.  Because  the  hot  vapour  of  the 
room  is  condensed  upon  the  cold  tumbler, 
with  which  it  comes  in  contact ; and  is 
changed  from  the  invisible  and  gaseous 
form,  into  that  of  a thick  mist. 

Q.  Why  is  a glass  made  quite  lull,  by 
laying  a hot  hand  uj)on  it? 

u 3 
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A.  Because  the  perspiration  from  the 
hot  hand  is  condensed  upon  the  cold 
glass,  and  made  perceptible. 

Q.  Why  are  wine-glasses  made  quite  dull, 
when  brought  into  a room  full  of  company  ? 

A.  Because  the  hot  vapour  of  the 
room  (coming  in  contact  with  the  cold 
wine-glasses)  is  condensed  upon  them, 
and  covers  them  with  moisture,  like  dew. 

Q.  Why  does  this  misty  appearance  go  oef, 
after  a little  time  ? 

A.  Because  the  glass  becomes  of  the 
same  temperature , as  the  air  of  the  room ; 
and  will  no  longer  chill  the  vapour  which 
touches  it,  and  condense  it  into  mist. 

Q.  Why  is  a wine-bottle  (which  has  been 
brought  out  of  a cellar  into  the  aik)  covered  with 
a thick  mist  in  summer  time  ? 

A.  Because  the  vapour  of  the  hot 
air  is  condensed  into  a thick  mist,  by 
contact  with  the  cold  glass. 

Q.  Why  does  beeathing  on  a glass  make 
it  quite  dull  ? 

A.  Because  the  vapour  of  the  hot 
breath  is  condensed  by  the  cold  glass, 
and  covers  it  with  a thick  mist. 
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Q.  Why  are  the  walls  of  a house  covered 
with  wet  in  a sudden  thaw  ? 

A.  Because  they  are  thick,  and  can- 
not change  their  temperature  so  fast  as 
the  air;  in  consequence  of  which,  they 
retain  their  cold,  after  the  thaw  has  set  in 

Q.  How  does  “retaining  their  cold” 
account  for  their  being  so  wet  ? 

A.  As  the  vapour  of  the  warm  air 
touches  the  cold  walls,  it  is  chilled  and 
condensed  into  water ; which  either  sticks 
to  the  walls,  or  trickles  down  in  little 
streams. 

Q.  Why  does  a thick  well-built  house  con- 
tract more  damp  of  this  kind,  than  an  ordinary 
one? 

A.  Because  its  walls  are  much 
thicker;  and  (if  the  frost  has  penetrated 
far  into  the  bricks ) they  will  be  some  time 
before  they  are  reduced  to  the  same  tem- 
perature as  the  air. 

Q.  Why  are  balusters,  Sfc.,  damp  after  a 
thaw  ? 

A.  Because  they  are  made  of  some 
very  close-grained  varnished  wood,  which 
cannot  change  its  temperature,  so  fast  as 
the  air. 


Balusters — corruptly  called  banisters. 
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Q.  How  does  this  account  for  the  balusters 
being  damp  ? 

A.  Because  the  vapour  of  the  warm 
air  is  chilled  by  contact  with  the  cold 
balusters,  and  condensed  into  water  upon 
them. 

Q.  Why  is  the  breath  visible  in  winter 
and  not  in  summer  ? 

A.  Because  the  intense  cold  of  win- 
ter condenses  our  breath  into  visible 
vapour;  but  in  summer,  the  air  is  not 
cold  enough  to  do  so. 

Q.  Why  is  our  hair,  and  the  brim  of  our 
hat,  often  covered  with  little  drops  of  pearly  dew 
in  winter  time  ? 

A.  Because  our  breath  is  condensed 
as  soon  as  it  comes  in  contact  with  our 
cold  hair  or  hat;  and  hangs  there  in 
little  dew-drops. 

Q.  Why  does  the  steam  of  a railway  boiler , 
often  pour  down,  like  fine  rain,  when  the  steam  is 
“ let  off?" 

A.  Because  in  cold  weather,  the 
steam  from  the  chimney  is  condensed  by 
the  chill  air,  and  falls  like  fine  rain. 

Q.  Why  is  there  less  dew  when  the  wind 
is  easterly,  than  when  the  wind  is  westerly  ? 
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A.  Because  easterly  winds  cross  the 
continent  of  Europe,  and  (as  they  pass 
over  land ) are  dry  and  arid  : But  westerly 
winds  cross  the  Atlantic  Ocean,  and  (as 
they  pass  over  water ) are  moist  and  full 
of  vapour. 

Q.  How  does  the  dryness  of  an  easterly 
wind  prevent  dew-falls  ? 

A.  As  easterly  winds  are  very  dry, 
they  imbibe  the  moisture  of  the  air;  in 
consequence  of  which,  there  is  very  little 
left  to  be  condensed  into  dew. 

Q.  How  does  the  moistness  of  a westerly 
wind  promote  dew-falls ? 

A.  As  westerly  winds  are  saturated 
with  vapour,  they  require  very  little 
reduction  of  heat  to  cause  a copious 
deposition  of  dew. 

Q.  When  is  dew  most  copig  Vsly  deposited  ? 

A.  After  a hot  day  in  summer  or 
autumn,  especially  if  the  ivind  be  westerly. 

Q.  Why  is  dew  distilled  most  copiously 
after  a hot  day  ? 

A.  Because  the  surface  of  the  hot 
earth  radiates  heat  very  freely  at  sun-set ; 
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and  (being  made  much  colder  than  the 
air)  chills  the  passing  vapour,  and  con- 
denses it  into  dew. 

Q.  Does  not  air  radiate  heat , as  well  as 
the  earth  and  its  various  plants  ? 

A.  No;  the  air  never  radiates  heat; 
nor  is  it  made  hot  by  the  rays  of  the 
sun. 

Q.  Sow  is  the  air  made  hot  or  cold  ? 

A.  By  convection  of  hot  or  cold 
currents. 

Q.  Explain  this. 

A.  Air  which  is  heated  by  contact 
with  the  earth’s  surface  ascends,  and  j 
colder  comes  into  its  place,  to  be  in  its 
turn  heated  in  the  same  way ; this  process  | 
is  repeated,  until  there  no  longer  remains  ; 
any  cold  air  to  be  made  warm. 

Q.  How  is  the  air  made  cold  ? 

A.  By  direct  contact  with  the  colder 
earth,  and  by  being  mixed  with  colder  i 
currents  that  are  brought  by  the  wind.  i 

Q.  Why  is  meat  very  subject  to  taint,  if  \ 
exposed  on  a clear  moon-light  night  ? 

A.  Because  on  a clear  night  it  will 
radiate  heat  very  freely;  and,  conse-  ;> 
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quently,  be  wet  with  dew,  which  favours 
rapid  putrefaction. 

Q.  How  do  moon-light  nights  conduce  to 
the  rapid  growth  of  plants  ? 

A.  Badiation  is  carried  on  very 
rapidly  on  bright  moon-light  nights ; in 
consequence  of  which,  dew  is  very  plen- 
tifully deposited  on  young  plants,  which 
conduces  much  to  their  growth  and 
vigour. 

Q.  Why  is  evening  dew  injuhiotts  to  health  ? 

A.  Because  it  is  always  laden  with 
noxious  exhalations  from  the  earth ; espe- 
cially in  marshy  countries. 

Q.  Is  honey-dew  a similar  thing  to  dew  ? 

A.  No.  Honey-dew  is  a sweet  liquid, 
shed  by  a very  small  insect  (called  the 
a'phis),  and  deposited  in  autumn  on  the 
under  surface  of  favourite  leaves. 

Frequently  on  lime  trees,  in  the  spring  also. 

Q.  Does  honey-dew  injube  leaves,  or  do 
them  good  ? 

A.  It  injures  them  very  much,  by 
filling  the  pores  with  a thick  clammy 
liquid ; in  consequence  of  which,  the 
leaf  can  neither  transpire,  nor  absorb  its 

needful  food. 
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Q.  What  effect  has  honey-dew  upon  the 
appearance  of  a leaf? 

A.  After  a little  time,  the  leaf  (being 
smothered  and  starved ) begins  to  turn 
of  a dingy  yellow  colour. 

Q.  Are  not  ants  very  fond  of  honey-dew  ? 

A.  Yes  ; and  crawl  up  to  the  loftiest 
trees,  in  order  to  obtain  it. 

Q.  What  is  the  cause  o/’mist  (or  earth-fog)  ? 

A.  If  the  night  has  been  very  calm, 
radiation  of  heat  from  the  earth  has  been 
very  abundant ; in  consequence  of  which, 
the  air  (resting  on  the  earth)  has  been 
chilled,  and  its  vapour  condensed  into  a 
thick  mist. 

Q.  Why  does  not  the  mist  become  dew  ? 

A.  Because  the  chill  of  the  air  is  so 
rapid,  that  vapour  is  condensed  faster 
than  it  can  he  deposited ; and,  (covering 
the  earth  in  a mist)  prevents  any  further 
radiation  of  heat. 

Q.  When  the  earth  can  no  longer  radiate 
heat  upwards , does  it  continue  to  condense  the 
vapour  of  the  air  ? 

A.  No ; the  air  (in  contact  with  the 
earth)  becomes  about  equal  in  temperature 
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with  the  surface  of  the  earth  itself;  for 
which  reason,  the  mist  is  not  condensed 
into  dew,  but  remains  floating  above  the 
earth  as  a thick  cloud. 

Q.  This  mist  seems  to  rise  higher  and  higher , 
and  yet  remains  quite  as  dense  below  as  at  first . 
Explain  the  cause  of  this. 

A.  The  air  resting  on  the  earth  is 
first  chilled,  and  slowly  mixing  with  the 
air  above,  condenses  it  also  into  mist 
likewise ; and  as  layer  is  thus  added  to 
layer,  the  mist  seems  to  be  rising,  when 
(in  fact)  it  is  only  deepening. 

Q.  Why  does  mist  and  dew  vanish,  as  the 
SUN  rises  ? 

A.  Because  the  air  becomes  warmer 
after  sun-rise,  and  absorbs  the  vapour. 

Q.  Why  is  a dew-deop  bound  ? 

A.  Because  every  part  of  it  is  equally 
balanced:  and,  therefore,  there  is  no 
cause  why  one  part  of  the  drop  should  be 
further  from  the  centre,  than  another. 

Q.  Why  is  a dew-deop  (on  a broad  leaf') 
sometimes  flattened  ? 

A.  Because  two  or  more  drops  of  dew 
roll  together,  and  make  one  large  spheroid 
I (01  flattened  drop.)  x 
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Q.  Why  will  dew-drops  boll  about  cabbage 
plants,  poppies,  fyc.,  without  wetting  the  surface  ? 

A.  Because  the  leaves  of  cabbages 
and  poppies  are  covered  with  a very  fine 
waxen  poivder,  over  which  the  dew-drop 
rolls  without  wetting  the  surface,  as  a 
drop  of  rain  over  dust. 

Q.  Why  does  not  a drop  of  rain  wet  the 
dust  over  which  it  rolls? 

A.  Because  dust  has  no  affinity  for 
water ; and,  therefore,  repels  it. 

Q.  Why  does  not  a dew-drop  wet  the  pow- 
DEB  of  cabbage-plants  ? 

A.  Because  the  fine  powder,  which 
covers  cabbage-leaves,  has  no  affinity  for 
water ; and,  therefore,  repels  it. 

Q.  Why  will  dew-drops  eoll  over  a bose,  Sfc. 

without  wetting  the  petals  ? 

A.  Because  the  leaves  of  a rose 
contain  an  essential  oil,  which  has  no 
affinity  for  water ; and,  therefore,  repels  it. 

Q.  Why  can  swans  and  ducks  dive  under 
water  without  being  wetted  ? 

A.  Because  their  feathers  are  covered 
with  an  oily  secretion,  which  has  no 
affinity  for  water;  and,  therefore,  repels  it. 
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Q.  Why  are  currents  of  air  from  the  land 
colder  than  those  blowing  over  water  ? 

A.  Because  the  earth  radiates  heat 
after  sun- set  more  freely  than  water ; 
consequently,  air  which  comes  in  con- 
tact with  the  land  is  colder  than  that 
which  comes  in  contact  with  water. 

For  other  questions  respecting  land  and  sea  breezes,  see  Chapter 
XXII.,  page  300. 

Q.  Why  is  not  air , which  passes  over  water , 
so  cool  as  that  which  passes  over  land  ? 

A.  Because  water  does  not  cool  down 
at  sun-set,  so  fast  as  land  does : and, 
therefore,  the  air  in  contact  with  it 
remains  warmer. 

Q.  Why  does  not  water  cool  down  so  fast 
as  LAND  ? 

A.  1st — Because  the  surface  of  water 
is  perpetually  changing ; and,  as  fast  as 
one  surface  is  made  cold,  another  is  pre- 
sented : and 

2ndly — When  water  is  made  cold  it 
sinks,  and  warmer  portions  of  water  rise 
to  occupy  its  place  : before,  therefere, 
the  surface  of  water  is  cooled,  the  ivhole 
volume  must  be  made  cold ; which  is  not 
the  case  with  land.  x 2 
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Q.  What  is  the  cause  of  a “pea-soup” 
LONDON  FOG  ? 

A.  These  fogs  (which  occur  generally 
in  the  winter  time)  are  occasioned  thus  : — • 
Some  current  of  air  (being  suddenly 
cooled)  descends  into  the  warm  streets, 
forcing  back  the  smoke  in  a mass  towards 
the  earth. 

Q.  Why  are  there  not  always  fogs,  every 
night  ? 

A.  Because  the  air  will  always  hold 
in  solution  a certain  quantity  of  vapour, 
(which  varies  according  to  its  tempera- 
ture) ; and,  when  the  air  is  not  saturated, 
it  may  be  cooled  without  parting  with  its 
vapour. 

Q.  When  do  fogs  occur  at  night  ? 

A.  When  the  air  is  saturated  with 
vapour  during  the  day.  When  this  is 
the  case,  it  deposits  some  of  its  super- 
abundant moisture  in  the  form  of  dew  or 
fog,  as  soon  as  its  capacity  for  holding 
vapour  is  lessened  by  the  cold  night. 

Q.  Why  is  there  very  often  a fog  over 
marshes  and  rivers,  at  night-time  ? 

A.  Because  the  air  of  marshes  is 
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almost  always  near  saturation;  and, 
therefore,  the  least  depression  of  tempera- 
ture will  compel  it  to  relinquish  some 
of  its  moisture  in  the  form  of  dew  or 
fog. 

Q.  What  is  the  difference  between  dew 
md  rain  ? 

A.  In  dew,  the  condensation  is  made 
near  the  earth's  surface. 

In  rain , the  drops  fall  from  a consid- 
erable height. 

Q.  What  is  the  cause  of  both  dew  and  rain  ? 

A.  Cold  condensing  the  vapour  of 
the  air,  when  near  the  point  of  satura- 
tion. 

Q.  Why  do  mist  and  fog  vanish  at  sun-rise  ? 

A.  Because  the  condensed  particles 
are  again  changed  into  invisible  vapour 
by  the  heat  of  the  sun. 

Q.  What  is  the  difference  between  a mist 
and  a fog  ? 

A.  Mist  is  generally  applied  to 
vapours  condensed  on  marshes,  rivers, 
and  lakes. 

Fog  is  generally  applied  to  vapours 
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condensed  on  land;  especially  if  those 
vapours  are  laden  with  smoke. 

Q.  What  is  the  reason  why  condensed  vapour 
sometimes  forms  into  clouds,  and  sometimes  into 
FOG  ? 

A.  If  the  surface  of  the  earth  is 
hotter  than  the  incumbent  air,  the  vapour 
of  the  earth  is  chilled  by  the  cold  air, 
and  becomes  fog  : But  if  the  air  is 
hotter  than  the  earth,  the  vapour  rises 
through  the  air,  and  becomes  cloud. 

Q.  If  cold  air  produces  fog , why  is  it  not 
foggy  on  a frosty  morning? 

A.  1 st — Because  less  vapour  is  formed 
on  a frosty  day  : and 

2ndly — The  vapour  is  frozen  upon 
the  ground,  before  it  can  rise  from  the 
earth ; and  becomes  hoar-frost. 

Q.  Why  are  fogs  more  general  in  autumn, 
than  in  spring  ? 

A.  1st — Because  the  air  in  spring  is 
generally  much  drier  than  in  autumn ; 
in  consequence  of  which,  it  is  not  so 
near  the  point  of  saturation  : and 

2ndly — The  earth  in  spring  is  not  so 
hot,  as  it  is  in  autumn;  in  consequence 
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of  which,  its  vapour  is  not  chilled  into 
fog,  as  it  rises  into  the  air. 

Q.  Why  are  fogs  more  common  in  talleys, 
than  on  hills  ? 

A.  1st  — Because  valleys  contain 
more  moisture,  than  hills ; and 

2ndly  — They  are  not  exposed  to  suffi- 
cient wind,  to  dissipate  the  vapour. 

Q.  How  does  wine  dissipate  fogs  ? 

A.  Either  by  blowing  them  away ; 
or  else  by  dissolving  them  into  vapour 
again. 

Q.  What  is  hoar-frost? 

A.  There  are  two  sorts  of  hoar-frost : 
1. — Frozen  dew  : and  2. — Frozen  fog 

Q.  What  is  the  cause  of  the  ground  hoar- 
frost, or  frozen  dew  ? 

A.  Very  rapid  radiation  of  heat  from 
the  earth;  in  consequence  of  which,  the 
surface  is  so  cooled  down,  that  it  freezes 
the  dew  condensed  upon  it. 

Q.  Why  is  hoar-frost  seen  only  after  a very 
clear  night  ? 

A.  Because  the  earth  will  not  have 
thrown  off  heat  enough  by  radiation,  to 
freeze  the  vapour  condensed  upon  its 
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surface,  unless  the  night  has  been  very 
clear  indeed. 

Q.  Why  does  hoar-frost  very  often  cover 
the  ground  and  trees,  whe7i  the  water  of  rivers 
is  not  frozen  ? 

A.  Because  it  is  not  the  effect  of  cold 
in  the  air,  but  cold  on  the  surface  of  the 
earth  (produced  by  excessive  radiation), 
which  freezes  dew  into  hoar-frost. 

Q.  Why  is  the  hoarfrost  upon  grass  and 
vegetables  much  thicker  than  that  upon  lofty 
trees  ? 

A.  Because  the  air  (resting  on  the 
surface  of  the  ground)  is  much  colder 
after  sun-set,  than  the  air  higher  up : 
in  consequence  of  which,  more  vapour  is 
condensed  and  frozen  there. 

Q.  Why  is  the  air  ( resting  on  the  surface  of 
the  eariK)  colder  than  that  in  the  higher  regions  ? 

A.  Because  the  earth  radiates  more 
heat  than  the  leaves  of  lofty  trees ; and, 
therefore,  more  rapidly  condenses  and 
freezes  the  vapour  of  the  air. 

Q.  Why  are  evergreens  often  frost-bitten, 
when  lofty  trees  are  not? 

A.  Because  they  do  not  rise  far  above 
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the  surface  of  the  earth ; and  (as  the  air 
contiguous  to  the  earth  is  made  colder  by 
radiation,  than  that  in  the  higher  regions) 
therefore,  the  low  evergreen  is  often  frost- 
bitten, when  the  lofty  tree  is  uninjured. 

Q.  Why  is  there  little  or  no  hoar-frost 
under  shrubs  and  shady  trees  ? 

A.  1st — Because  the  leafy  top  arrests 
the  process  of  radiation  from  the  earth. 

2ndly — Shrubs  and  trees  radiate  heat 
towards  the  earth ; and,  therefore,  the 
ground  beneath  is  never  cold  enough  to 
congeal  the  little  dew  deposited  there. 

Q.  Why  is  there  more  hoar-frost  along 
the  shady  margin  of  a hedge  than  in  the  open 
field,  as  the  day  advances  ? 

A.  1st — Because  the  shade  of  the 
hedge  prevents  the  dissipation  of  the 
hoar-frost  by  the  sun : and 

2ndly — Because  the  hedge  screens  off 
wind  and  prevents  the  repose  of  the  air 
being  disturbed. 

Q.  What  is  the  cause  of  that  hoar-frost, 
which  arises  from  frozen  fog? 

A.  The  congelation  of  night-fog  by 
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the  freezing  chill  of  early  morning,  in 
consequence  of  which  the  fog  is  frozen 
upon  every  object  on  which  it  was 
deposited. 

CHAPTER  XVII. 


5. — CONVECTION. 

Q.  What  is  meant  by  the  convection  of  heat? 

A.  Heat  communicated  by  being 
carried  to  another  thing  or  place ; as 
the  hot  water  rising  from  the  bottom  of  a 
kettle,  carries  heat  upward  in  its  ascent. 
( see  p.  252.) 

Q.  Are  liquids  good  conductors  of  heat  ? 

A.  No;  liquids  are  bad  conductors; 
and  are,  therefore,  made  hot  by  con- 
vection. 

Q.  Why  are  liquids  bad  conductors  of  heat  ? 

A.  Because  their  particles  (upon 
every  change  of  temperature)  are  put 
into  motion,  and  do  not  remain  suffi- 
ciently long  in  contact  with  each  other  to 
conduct  heat  progressively,  like  a bar  of 
iron. 
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When  heat  is  applied  to  the  surface  of  a fluid,  it  is  very  slowly 
! diffused  in  a downward  direction,  because  the  warmed  particles 
continually  ascend,  without  having  time  to  impart  heat  to  the 
particles  below. 

Q.  Explain  how  water  is  made  hot. 

A.  The  water  nearest  the  fire  is  first 
heated,  and  (being  heated)  rises  to  the 
top  ; its  place  is  supplied  by  colder  por- 
tions, which  are  heated  in  turn,  and  this 
interchange  continues  till  all  the  water  is 
boiling  hot. 

Q.  Why  is  water  in  such  continual  fee- 
ment,  when  it  is  boiling  ? 

A.  This  commotion  is  mainly  pro- 
duced by  the  ascending  and  descending 
currents  of  hot  and  cold  water. 

The  escape  of  steam  from  the  water  contributes  to  increase  this 
agitation. 

Q.  How  do  these  two  currents  pass  each  other  ? 

A.  The  hot  ascending  current  rises 
up  through  the  centre  of  the  mass  of  water; 
while  the  cold  descending  currents  pass 
down  by  the  metal  sides  of  the  kettle. 

For  other  questions  upon  the  subject  of  boiling  water,  see  from 
page  115  to  222. 

Q.  Why  is  heat  applied  to  the  bottom, 
and  not  to  the  top  of  the  kettle  ? 

A.  Because  the  heated  water  always 
ascends  to  the  surface  ; if,  therefore,  heat 
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were  applied  to  the  top  of  a vessel,  the 
water  below  the  surface  would  never  be 

heated. 

Q.  Sis  the  lower  part  of  a grate  is  made 
bed-hot  by  the  fire  above,  why  would  not  water 
boil  if  fire  were  applied  to  the  top  of  a kettle  ? 

A.  The  iron  of  a grate  is  an  excellent 
conductor;  if,  therefore,  one  part  be 
heated,  the  heat  is  conducted  to  every 
other  part : But  water  is  a very  bad  con- 
ductor, and  will  not  diffuse  heat  in  a 
similar,  way. 

Q.  Prove  that  water  is  a bad  conductor  of 
heat. 

A.  When  a blacksmith  immerses  his 
red-hot  iron  in  a tank  of  water,  the  water 
which  surrounds  the  iron  is  made  boiling 
hot,  while  that  below  the  surface  remains 
quite  cold. 

Q.  If  you  wish  to  cool  liquids,  where  should 
the  cold  be  applied  ? 

A.  To  the  top  of  the  liquid : because  i 
the  cold  portions  will  always  descend,  and 
allow  the  warmer  parts  to  come  in  con-  | 
tact  with  the  cooling  substance. 

Q.  Poes  boiling  water  get  hotter  by  being  I 
KEPT  on  the  Ji re  2 
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A.  No : — not  if  the  steam  he  suffered 
to  escape. 

Q.  Why  does  not  boiling  water  get  hotter 
if  the  steam  be  suffered  to  escape  ? 

A.  Because  the  water  is  converted 
into  steam , as  fast  as  it  boils ; and  the 
steam  carries  away  the  additional  heat. 

Q Why  does  soup  keep  hot  longer  than 
boiling  water? 

A.  Because  the  grease  and  various 
ingredients  floating  in  the  soup,  retard 
the  ascent  of  the  hot  particles,  and  pre- 
vent their  rising  so  freely  to  the  surface. 

Q.  • If  you  want  to  keep  water  hot  for  a 
long  time , how  could  it  be  done  ? 

A.  By  adding  a little  starch  or  flour 
to  the  water. 

Q.  Why  would  a little  stakch,  added  to 
loiling  water,  serve  to  keep  it  hot  ? 

A.  Because  it  would  retard  the  ascent 
of  the  hot  particles,  and  prevent  their 
reaching  the  surface  of  the  water. 

Q.  Why  do  thick  milk , rice  milk,  Sfc.,  re- 
main hot  longer  than  water  ? 

A.  Because  the  ascent  of  the  hot 
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particles  is  opposed  by  the  flour  or  rice, 
which  therefore  cannot  reach  the  surface 
so  quickly. 

Q.  Is  steam  visible  or  invisible  ? 

A.  Steam  is  invisible;  but  when  it 
comes  in  contact  with  the  air,  and  is  con- 
densed into  small  drops,  it  becomes  visible. 

Q.  How  do  you  know  that  steam  is  invisible  ? 

A.  If  you  look  at  the  spout  of  a 
boiling  kettle,  you  will  find  that  the 
steam  (which  issues  from  the  spout)  is 
always  invisible  for  about  half  an  inch; 
after  which,  it  becomes  visible. 

Q.  Why  is  the  steam  invisible  for  half  an  inch  ? 

A.  Because  the  air  is  not  able  to 
condense  it,  as  it  first  issues  from  the 
spout ; but  when  it  spreads  and  comes  in 
contact  with  a larger  volume  of  air,  the 
invisible  steam  is  readily  condensed  into 
visible  drops. 

Q.  Why  do  steam-engines  sometimes  burst  ? 

A.  Because  steam  is  very  elastic ; 
and  this  elasticity  increases  in  a greater 
proportion  than  the  heat  which  produces 
it : unless,  therefore,  some  vent  be  freely 
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allowed,  steam  will  burst  the  vessel  which 
confines  it. 

Q.  Is  air  a good  conductor  ? 

A.  No  : air  is  a very  bad  conductor ; 
and  is  heated  (like  water)  by  convection. 

Q,  How  is  a room  warmed  by  a stoye  ? 

A.  The  air  nearest  the  fire  is  made 
hot  first,  and  rises ; cold  air  then  descends, 
is  heated,  and  ascends  in  like  manner; 
and  this  interchange  goes  on,  till  all  the 
air  of  the  room  is  warmed. 

Q.  Why  are  fires  placed  on  the'E'LOO'R  of  a room  ? 

A.  Because  heated  air  always  ascends. 
If,  therefore,  the  fire  were  not  near  the 
floor,  the  air  of  the  lower  part  of  the  room 
would  never  be  heated  by  the  fire  at  all. 

Q.  If  you  take  a poker  out  of  afire,  and  hold 
the  hot  end  downwards,  why  is  your  hand 
scorched  with  heat  ? 

A.  Because  the  hot  end  of  the  poker 
heats  the  air  around  it ; and  this  hot  air 
(in  its  ascent)  scorches  our  hand. 

Q.  How  should  a red-hot  poker  he  carried, 

so  as  not  to  hum  our  fingers  ? 

A.  With  the  hot  end  upwards ; for 
then  the  air  (heated  by  the  poker)  would 
not  pass  over  our  hand  and  scorch  it. 
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CHAPTER  XVII. 

Q.  Of  what  is  atmospheric  aib  composed  f 

A.  Principally  of  two  gases,  oxygen 
and  nitrogen;  mixed  together  in  the 
following  proportion  : viz.  one  gallon  of 
oxygen,  to  four  of  nitrogen. 

It  must  not  be  forgotten  that  the  air  contains  small  quantities  of 
other  gaseous  substances  also,  as  vapour  of  water,  carbonic  acid 
and  ammonia . 

Q.  What  do  you  mean  by  a gas  ? 

A.  A permanent  elastic  fluid,  resem- 
bling air. 

N.B  — MOST  GASES  ARE  INVISIBLE  AND  TRANSPARENT,  LIKE  AIR. 

“ PERMANENT.” — In  this  respect  gas  differs  from  vapour  which 
is  not  permanent : for  vapour  may  be  easily  condensed  by  cold  into 
a liquid,  but  gas  does  not  change  its  gaseous  form  under  ordinary 
pressure. 

“ ELASTIC.”— In  this  respect  gas  differs  from  a liquid,  which  is 
almost  inelastic ; whereas  gas  is  exceedingly  elastic. 

“RESEMBLING  AIR”  or  aeriform. — The  word  “Gas”  means 
air , but  air  is  a compound  of  two  gases.  Some  few  gases  are 
visible,  as  chlorine , which  is  a greenish  yellow. 


gas.  245 

Q.  What  is  the  difference  between  a gas 
and  a liquid  ? 

A.  Gases  are  elastic , but  liquids  not. 

Q.  Illustrate  what  is  meant  by  “ the  elas- 
ticity of  gas” 

A.  If  from  a vessel  full  of  gas,  half 
were  taken  out — the  other  half  would 
immediately  spread  itself  out,  and  fill 
the  same  space,  as  was  occupied  by  the 
original  quantity. 

Q.  Prove  that  a liquid  is  hot  elastic. 

A.  If  from  a gallon  of  water  you  take 
half,  the  remaining  4 pints  will  take  up 
only  half  the  room  that  the  whole  gallon 
previously  did  : a liquid,  therefore,  is  not 
elastic,  like  gas. 

Strictly  speaking,  a liquid  is  slightly  elastic ; inasmuch  as  it  may 
be  compressed , and  will  afterwards  recover  its  former  dimensions. 

Q What  are  the  chief  uses  of  the  oxygen 
of  the  air  ? 

A.  To  support  combustion,  and  sus- 
tain life. 

Q.  What  is  meant , when  it  is  said , that  the 
oxygen  of  the  air  “ supports  combustion  ? ” 

A.  It  means  this : It  is  the  oxygen 
of  the  air,  which  makes  fuel  burn. 

Y 3 
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Q.  Sow  does  the  oxygen  of  the  air  «naTce 

FUEL  BURN  ? 

A.  The  fuel  is  decomposed  (by  heat) 
into  hydrogen  and  carbon ; and  these 
elements,  combining  with  the  oxygen  of 
the  air,  produce  combustion. 

Q.  What  gas  is  produced  by  the  combina- 
tion of  carbon  and  oxygen  ? 

A.  Carbonic  acid  gas.  ( See  p.  38.) 

Q.  What  becomes  of  the  hydeogen  of  the 
rUEL  ? 

A.  The  hydrogen  of  the  fuel  com  nines 
with  the  oxygen  of  the  air,  and  forms 
watery  vapour;  but  the  combination 
is  attended  by  the  production  of  flame , 
owing  to  the  very  inflammable  nature  of 
hydrogen. 

It  must  be  remembered,  that  the  gas  of  burning  fuel  is  not  pure , 
but  carburetted  hydrogen. 

Q.  What  becomes  of  the  nitrogen  of  the 
air , amidst  all  these  changes  and  combinations  ? 

A.  The  nitrogen  escapes  unchanged 
to  he  again  mixed  with  oxygen,  and 
converted  into  common  air. 

Q.  What  is  meant,  when  it  is  said,  that 
oxygen  “ sustains  life  ? ” 

A.  It  means  this  : If  a person  could 
not  inhale  oxygen,  he  would  die. 
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Q.  What  good  does  this  inspiration  of 
oxygen  do  ? 

A.  1st — It  gives  vitality  to  the  blood ; 

and 

Sndly — Is  the  cause  of  animal  heat. 

Q.  H roio  is  food  converted  into  blood  ? 

A.  After  it  is  swallowed,  it  is  dissolved 
in  the  stomach  into  a grey  pulp,  called 
chyme  ; it  then  passes  into  the  intestines 
and  is  converted  by  the  “bile”  into  a 
milky  substance,  called  chyle. 

Chyme,  pronouncekjme ; chyle,  pronouncebyle;  each  as  one  syllable* 

Q.  What  becomes  of  the  milJcy  substance 
called  chyle? 

A.  It  is  absorbed  by  the  vessels 
called  “ lacteals,"  and  poured  into  the 
veins  on  the  left  side  of  the  neck. 

“ Lacteals,”  pronounce  lac-te-als. 

Q.  What  becomes  of  the  chyle , after  it  is 
poured  into  the  veins  ? 

A.  It  mingles  with  the  blood,  and  is 
itself  converted  into  blood  also. 

Q.  How  does  the  oxygen  we  inhale , mingle 
with  the  blood  ? 

A.  The  oxygen  of  the  air  mingles 
with  the  blood  in  the  lungs,  and  converts 
it  into  a bright  red  colour 
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Q.  What  colour  is  the  llood  before  it  is 
oxidized  in  the  lungs  ? 

A.  A dark  purple.  The  oxygen  turns 
it  to  a bright  red. 

Oxidized,  i.e.,  impregnated  with  oxygen. 

Q.  Why  are  persons  so  pale,  who  live  in 
rooms  and  cities? 

A.  Because  the  air  in  close  rooms 
and  cities  is  not  fresh;  and  being  de- 
ficient in  oxygen,  cannot  turn  the  blood 
to  a beautiful  bright  red. 

Q.  Why  are  persons  who  live  in  the  open 
air  and  in  the  country , of  a reedy  complexion  ? 

A.  Because  they  inhale  fresh  air, 
which  has  its  full  proportion  of  oxygen  : 
and  the  blood  derives  its  bright  red 
colour  from  the  oxygen  of  the  air  inhaled. 

Q.  Why  is  not  the  air  in  cities  so  eresh, 
as  that  in  the  country  ? 

A.  Because  it  is  impregnated  with 
the  breath  of  its  numerous  inhabitants, 
the  odour  of  its  sewers,  the  smoke  of  its 
fires,  and  many  other  impurities. 

Q.  Sow  does  oxygen  convert  the  colour  of 
llood  into  a bright  red  ? 

A,  The  colouring  matter  of  the  blood 
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is  formed  of  very  minute  globules,  floating 
in  it ; the  oxygen  (uniting  with  the  coats 
of  these  globules ) makes  them  milky — 
and  the  dark  colouring  matter  of  the 
blood  (seen  through  this  milky  coat ) 
appears  of  a bright  red. 

Exp.  : If  you  put  some  dark  venous  blood  Into  a milky  glass, 
and  hold  it  up  towards  the  light,  it  will  appear  of  a bright  florid 
colour,  like  arterial  blood. 

Q.  How  does  the  combination  of  oxygen 
with  the  blood  produce  animal  heat  ? 

A.  The  principal  element  of  the  blood 
is  carbon;  and  this  carbon  (combining 
with  the  oxygen  of  air  inhaled)  produces 
carbonic  acid  gas,  in  the  same  way  as 
burning  fuel.  (Seep.  39.) 

Q.  What  becomes  of  the  nitrogen  of  the 
air  after  the  oxygen  enters  the  blood  ? 

A It  is  thrown  out  from  the  lungs 
unchanged,  by  the  act  of  breathing ; to 
be  again  mixed  with  oxygen,  and  con- 
verted into  common  air. 

Q.  Why  does  the  vitiated  air  ( after  the 
oxygen  has  been  absorbed ) come  out  of  the 
mouth,  and  not  sink  into  the  stomach  ? 

A.  Because  it  is  driven  out  by  the 
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contraction  of  the  walls  of  the  chest,  and 
there  is  no  vacant  space  in  the  cavity  of 
the  gullet  and  stomach  for  it  to  fall  into. 

N.B. — The  lungs  are  a hollow  spongy  mass , capable  of  holding 
air,  and  of  being  dilated.  They  are  so  situated  in  the  thorax  (or 
chest),  that  the  air  must  enter  into  them,  whenever  the  cavities  of 
the  thorax  are  enlarged.  The  process  of  breathing  is  performed 
thus : When  we  inhale,  the  thorax  (or  chest)  is  expanded ; in 
consequence  of  which,  a vacuum  is  formed  round  the  lungs , and 
heavy  external  air  instantly  enters  (through  the  mouth  and  throat) 
to  supply  this  vacuum. 

When  we  exhale,  the  thorax  contracts  again  ; in  consequence  of 
which,  it  can  no  longer  contain  the  same  quantity  of  air,  as  it  did 
before ; and  some  of  it  is  necessarily  expelled.  When  this  expulsion 
of  air  takes  place,  the  muscular  fibres , which  form  the  floor  of  the 
chest,  contract , in  order  to  assist  the  process. 

Q.  If  (both  in  combustion  and  respiration) 
the  oxygen  of  the  air  is  consumed,  and  the 
niteogen  eejected — Why  are  not  the  peo- 
poetions  of  the  air  desteoyed  ? 

A.  Because  the  under  surface  of  vege- 
table leaves  (during  the  day)  gives  out  oxy- 
gen ; and  thus  restores  to  the  air  the  very 
element  of  which  it  has  been  deprived. 

Q.  Whence  do  leaves  obtain  the  oxygen , 
which  they  exhale? 

A.  From  the  carbonic  acid,  absorbed 
by  the  roots  from  the  soil,  and  carried  to 
the  leaves  by  the  rising  sap. 

N.B. —Carbonic  acid  (it  must  be  remembered)  is  a compound  of 
carbon  and  oxygen. 
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Q.  How  do  plants  contrive  to  absorb  car- 
bonic acid  from  the  soil  ? 

A.  It  rises  (by  capillary  attraction) 
through  the  small  fibrous  roots,  after  it 
has  been  dissolved  in  the  soil  by  water. 

Q.  Whence  does  the  soil  obtain  carbonic  acid? 

A.  1st — From  the  air;  from  which 
it  is  driven  by  falling  showers : 

2ndly — From  the  decomposition  of 
vegetable  and  animal  matters,  which 
always  produces  this  gas  in  abundance : 
and 

3rdly — All  lime-stone,  chalk,  and  cal- 
careous stones,  contain  vast  quantities 
of  carbonic  acid  in  a solid  state,  and  the 
presence  of  any  acid  sets  it  free. 

Calcareous,  i.e.  of  a limy  nature. 

Q.  If  leaves  throw  off  the  oxygen  of  the 
carbonic  acid , what  becomes  of  the  carbon  ? 

A.  It  is  retained  to  give  firmness  and 
solidity  to  the  plant  itself. 

Q.  Show  how  Ood  has  made  animal  life 
dependent  on  that  of  vegetables. 

A.  Animals  require  oxygen  to  keep 
them  alive,  and  draw  it  from  the  air  by 
inspiration : The  under  surface  of  leaves 
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gives  out  oxygen ; and  thus  supplies  the 
air  with  the  very  gas  required  for  the  use 
of  animals. 

Q.  Show  how  God  has  made  vegetable 
life  dependent  on  that  of  animals. 

A.  Plants  require  carbonic  acid,  which 
is  their  principal  food;  and  all  animals 
exhale  this  gas  from  their  lungs.  Thus 
animals  supply  plants  with  carbonic  acid, 
and  plants  supply  animals  with  oxygen. 

Q.  Sow  is  air  heated  ? 

A.  By  “ convective  currents.” 

Q.  Explain  what  is  meant  by  “ convective 

CUBBENTS.” 

A.  When  a portion  of  air  is  heated, 
it  rises  upwards  in  a current,  carrying 
heat  with  it:  other  colder  air  succeeds, 
and  (being  heated  in  a similar  way) 
ascends  also : and  these  are  called  “ con- 
vective currents.” 

“ Convective  currents” — so  called  from  the  Latin  words,  cumv ac- 
tus (carried  with) ; because  the  heat  is  “ carried  with”  the  current. 

Q.  Is  air  heated  by  the  rays  of  the  sun  ? 

A.  No;  air  is  not  heated  (in  any 
sensible  degree)  by  the  action  of  the 
sun's  rays  passing  through  it 
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Q.  Why  is  the  air  hotter  on  a sunny 
day,  than  on  a cloudy  one  ? 

A.  Because  the  sun  heats  the  sur- 
face of  the  earth,  and  the  air  (resting  on 
the  earth)  is  heated  by  contact : as  soon 
as  it  is  heated  it  ascends,  and  its  place  is 
supplied  by  colder  portions,  which  are 
heated  in  turn  also. 

Q.  If  air  he  a bad  conductor , why  does  hot 
iron  become  cold , by  exposure  to  the  air  ? 

A.  Because  it  is  made  cold;  1st 
— By  “convection;”  and  2ndly — By 
“ radiation.” 

Q.  How  ishotironmade  cold  by  conyection  ? 

A.  The  air  resting  on  the  hot  iron 
(being  intensely  heated)  rapidly  ascends 
with  the  heat  it  has  absorbed ; colder  air 
succeeding  absorbs  more  heat,  and  as- 
cends also ; and  this  process  is  repeated, 
till  the  hot  iron  is  completely  cooled  down. 

Q.  Row  is  hot  iron  cooled  by  radiation  ? 

A.  While  its  heat  is  being  carried 
off  by  “ convection,”  the  hot  iron 
throws  off  heat  (on  all  sides)  by  radiation 
also. 


254 


AIR. 


Q.  What  is  meant  by  kadi  at  ion  ? 

A.  The  throwing  off  of  heat  (in  all 
directions)  from  the  surface  of  a hot  body. 


Radiation . — It  was  once  thought  that  heat  was  emitted  from  hot 
bodies  in  the  form  of  rays. 


Q.  How  is  soup  cooled  by  being  left  ea 


to  the  air  ? 

A.  It  throws  off  some  heat  by  radia- 
tion ; hut  it  is  mainly  cooled  down  by 
convection. 

Q.  How  is  hot  soup  cooled  down  by  CON- 
VECTION ? 

A.  The  air  resting  on  the  hot  soup 
(being  heated)  ascends;  colder  air  suc- 
ceeding absorbs  more  heat;  and  ascends 
also ; and  this  process  is  repeated,  till 
the  soup  is  made  cool. 


The  particles  on  the  surface  of  the  broth  sink  as  they  are  cooled 
down,  and  warmer  particles  rise  to  the  surface;  which  greatly 
assists  the  cooling  process. 


Q.  Why  are  hot  tea  and  soups  cooled  the 
faster  for  being  stirred  about  ? 

A.  1st — Because  agitation  assists 
in  bringing  the  hottest  particles  to  the 
surface : 

2ndly — The  action  of  stirring  agitates 
the  air,  and  brings  it  more  quickly  to  the 
soup  or  tea : and 
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3rdly — As  the  hotter  particles  are 
more  rapidly  brought  into  contact  with 
the  air,  convection  is  more  rapid. 

Blowing  tea  or  broth  cools  it  also.  ( See  p.  186.) 

Q.  If  a shutter  he  closed  in  the  day-time , 
the  stream  of  light  (piercing  through  the  crevice') 
seems  in  constant  agitation.  Why  is  this  ? 

A.  Because  little  motes  and  particles 
of  dust  (thrown  into  agitation  by  the 
convective  currents  of  the  air)  are  made 
visible  by  the  strong  beam  of  light, 
thrown  into  the  room  through  the  crevice 
of  the  shutter. 

Q.  Why  can  we  not  see  the  air  ? 

A.  Because  it  is  perfectly  transparent, 
i.  e.  permits  all  the  rays  of  light  to  pass 
through  it  without  reflecting  any. 

Q.  Why  does  water  kise  in  a common  pump  ? 

A.  Because  the  pressure  of  the  air 
is  removed  from  the  water  in  the  pipe  of 
the  pump  by  the  action  of  the  sucker; 
but  not  from  the  water  in  the  well. 

Take  a tube  (shaped  like  a U)  partially  filled  with  water,  and  let 
an  equal  weight  be  fitted  to  each  orifice  : so  long  as  the  weights  are 
undisturbed,  the  water  will  remain  at  the  same  level  on  both  sides 
of  the  tube : but  if  one  weight  be  removed,  its  place  will  be 
instantly  occupied  with  an  equal  weight  of  water.  So  in  a pump, 
the  air  may  be  compared  to  these  two  weights ; as  the  action  of  tbe 
sucker  removes  one , water  rushes  into  the  pipe  to  counterbalance 
the  weight  of  air  pressing  on  the  water  in  the  well.  z 2 
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Q.  How  high  can  atmospheric  pressure 
make  water  rise  in  a pipe  of  a pump  ? 

A.  About  30  feet  above  the  level  of 
the  water  in  the  well. 

It  would  be  nearly  34  feet  if  the  pump  were  of  perfect  construe^ 
tion.  Because  a column  of  water  34  feet  high,  weighs  the  same  as  an 
equal-size  column  of  air,  reaching  to  the  top  of  the  atmosphere. 
JN.B. — The  atmospheric  pressure  is  15  pounds  on  each  square  inch. 

Q.  jE low  is  water  pumped  from  a well  more 

than  30  feet  deep  ? 

A.  The  piston-rod  is  made  to  extend 
within  80  feet  of  the  water  in  the  well; 
and  when  the  water  has  risen  thus  high, 
it  passes  through  a valve  in  the  sucker, 
and  is  lifted  out  of  the  pump  by  the 
piston  box. 

The  water  is  lifted  from  deep  wells,  and  never  suc/ced  up  beyond 
30  feet. 

Q.  Why  does  a syphon  empty  a vessel  of 
its  liquid? 

A.  Because  one  side  of  the  bent 
tube  being  longer  than  the  other,  con- 
tains a greater  weight  of  water,  and  the 
balance  is  destroyed. 

The  unequal  weight  of  water  in  the  two  tubes,  causes  the  water  of 
the  longer  tube  to  fall  out  and  produce  a vacuum.  In  a common 
pump  the  vacuum  is  produced  by  the  mechanical  action  of  the  sucker. 

Q.  Why  is  it  often  difficult  and  painful  to 
Ireathe  on  a mountain  top  ? 
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A.  Because  the  pressure  of  the  air 
on  a mountain  top  is  not  so  great  as 
on  a plain.  Consequently  the  fluids  in 
the  body  expand,  and  painfully  stretch 
the  membranes  which  contain  them. 

Q.  Why  do  we  often  feel  oppressed  just 
previous  to  a storm  ? 

A.  Because  the  air  is  greatly  rarefied; 
and  the  removal  of  pressure  from  the 
surface  of  the  body,  causes  a painful 
distension. 

Q.  Sow  do  you  know  that  the  density  of 
the  air  is  lowered , previous  to  a storm ? 

A.  Because  the  mercury  of  a barome- 
ter rapidly  falls. 

The  mercury  in  the  tube  of  the  barometer  is  held  up,  like  the 
water  in  the  tube  of  the  pump,  by  the  pressure  of  the  atmosphere. 

Q.  Why  do  corks  aclie  previously  to  rain  ? 

A.  Because  the  rarefied  state  of  the 
air  causes  distension  in  the  tissues  of  the 
feet ; and  as  the  hard  corn  cannot  swell 
equally  with  the  softer  parts,  irritation 
is  produced  in  the  fibrils  of  the  nerves. 

Q.  Why  do  cellars  feel  warm  in  winter  ? 

A.  Because  the  external  air  has  not 
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free  access  into  them ; in  consequence  of 
which,  they  remain  almost  at  an  even 
temperature; — which  (in  winter  time)  is 
about  ten  degrees  ivarmer  than  the 
external  air. 

Q.  Why  do  cellabs  feel  cold  in  summer? 

A.  Because  the  external  air  has  not 
free  access  into  them  ; in  consequence  of 
which,  they  remain  almost  at  an  even 
temperature, — which  (in  summer  time)  is 
about  ten  degrees  colder  than  the  ex- 
ternal air. 

Q.  Why  does  aib  rust  ibon  ? 

A.  Because  the  oxygen  of  the  air 
combines  with  the  surface  of  the  metal, 
and  produces  oxide  of  iron:  which  is 
generally  called  “ rust.” 

• An  oxide  of  iron,  copper,  &c.,  is  oxygen  in  combination  with 
iron,  copper,  &c. 

Q.  Why  does  hot  iron  scale  and  peel  off 
when  struck  with  a hammer  ? 

A.  Because  the  oxygen  of  the  air 
very  readily  unites  with  the  surface  of 
hot  iron,  and  forms  a metallic  oxide  (or 
rust),  which  scales  off,  when  struck  with 
a hammer. 
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Q.  Does  iron  rust  in  dry  air  ? 

A.  No;  iron  undergoes  no  change 
in  dry  air. 

Q.  Why  do  stoves  and  fire-irons  become 
rusty  in  rooms,  which  are  not  occupied  ? 

A.  Because  the  air  is  damp ; and 
moist  air  oxidizes  iron  and  steel. 

Oxidizes,  i.e.  rusts. 

Q.  In  what  part  of  the  year  is  it  most  diffi- 
cult to  beep  stoves  and,  fire-irons  bright  ? 

A.  In  autumn  and  winter. 

Q.  Why  is  it  more  difficult  to  leeep  stoves 
and  fire-irons  bright  in  autumn  and  winter , 
than  in  spring  and  summer  ? 

A.  Because  the  capacity  of  the  air 
for  holding  water  is  constantly  on  the 
decrease,  after  the  summer  is  over;  in 
consequence  of  which,  vapour  is  deposited 
on  everything  with  which  the  air  comes 
in  contact. 

Q.  Why  does  greasing  iron  prevent  its 
becoming  rusty  ? 

A.  Because  grease  prevents  the  hu- 
midity of  air  from  coming  in  contact 
with  the  surface  of  the  iron. 

Q.  Why  do  not  stoves  rust,  so  frequently  as 
pokers  and  tongs  ? 
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A.  Because  stoves  are  generally  cov- 
ered with  plumbago,  or  black  lead. 

Q.  What  is  plumbago  or  Hack  lead  ? 

A.  A mixture  of  charcoal  and  iron. 

Plumbago  (strictly  speaking)  is  a chemical  union  of  carbon  and 
iron),  in  the  following  proportions  : — 91  parts  carbon  and  9 iron.  But 
the  black  lead  sold  in  shops  is  a mixture  of  charcoal  and  iron  tilings. 

N.B. — A most  excellent  varnish  to  prevent  rust  is  made  of  1 pint 
of  fat  oil  varnish,  mixed  with  5 pints  of  highly  rectified  spirits  of 
turpentine,  rubbed  on  the  iron  or  steel  with  a piece  of  sponge.  This 
varnish  may  be  applied  to  bright  stoves,  and  even  mathematical 
instruments,  without  injuring  their  delicate  polish. 

Q.  Why  does  ornamental  steel  (of  a purple 
or  lilac  colour ) rust  more  readily , than  polished 
white  steel  ? 

A.  Because  the  lilac  tinge  is  produced 
by  partial  oxidation;  and  the  process 
which  forms  rust  has  already  commenced. 

Q.  Wow  can  lilac  steel  be  kept  free  from 

BUST? 

A.  By  keeping  it  in  a dry  place. 

Q.  If  dry  air  contains  oxygen,  why  does 
it  not  rust  iron,  as  well  as  moist  air  ? 

A.  Because  moisture  is  necessary  to 
bring  into  action  the  affinity  of  oxygen 
for  steel. 

Water  is  decomposed  by  contact  with  iron  ; but  it  is  chiefly  the 
oxygen  of  water  which  rusts  iron.  Even  dry  air  oxidizes  iron  at  a 
high  temperature  ; thus  a red-hot  poker  is  rusty,  when  it  cools. 

Q Do  any  other  metals  ( besides  iron ) com- 
bine rapidly  with  oxygen  ? 
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A.  Yes  ; copper,  zinc,  lead,  mercury; 
and  even  silver  oxidizes  to  some  extent. 

Q.  Why  do  copper  and  zinc  tarnish  ? 

A.  The  tarnish  of  copper  and  zinc 
is  caused  by  their  oxidation;  that  is, 
oxygen  from  the  moist  air  combines  with 
the  surface  of  the  metals,  and  (instead 
>f  rusting  them ) covers  them  with  a dark 
tarnish. 

Q.  Why  does  lead  become  of  a daekeb 
hue,  by  being  exposed  to  the  air  ? 

A,  Because  the  oxygen  of  the  moist 
air  combines  with  the  lead,  and  oxidizes 
its  surface ; which  instead  of  becoming 
rusty,  assumes  a darker  hue. 

Q.  Why  does  lead  lose  its  brightness , and 
become  dull,  by  being  exposed  to  the  air  ? 

A.  The  dullness  of  the  lead  is  caused 
by  the  presence  of  a carbonate  of  the 
oxide : When  the  oxide  is  formed,  it 
attracts  carbonic  acid  from  the  air,  and 
by  combining  with  it,  produces  a carbon- 
ate, which  gives  the  dull  tint  to  old  lead. 

Q.  Why  is  it  difficult  to  keep  silver  bright  ? 

A.  Because  the  vapour  of  the  air 
oxidizes  its  surface,  and  tarnishes  it. 
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The  tarnish  ot  silver  forks  and  spoons,  is  often  due  to  the  sulphur 
and  sulphuretted  hydrogen  of  certain  foods  united  to  the  silver  by 
saliva,  according  to  a regular  galvanic  process.  N B. — Without 
saliva,  egg  spoons,  &c.,  will  not  tarnish  from  food,  because  the 
galvanic  influence  is  not  brought  into  action. 

Q Why  do  silver  tea-pots  and  spoons 
tarnish  more  quickly  than  silver  ore  or  bullion  ? 

A.  Because  alloy  of  some  baser  metal 
is  used,  to  make  them  more  hard  and 
lasting;  and  this  alloy  oxidizes  more 
quickly,  than  silver  itself. 

Q.  Why  does  German  silver  turn  a dingy 
yellow  in  a few  hours  ? 

A . Because  German  silver  has  a great 
affinity  for  oxygen  ; and  shows  its  oxida- 
tion by  a yelloiv  tarnish,  instead  of  rust. 

Q.  If  quicksilver  (or  mercury)  will  tarnish 
like  cogger  and  lead — why  does  it  preserve  its 
brilliancy  in  barometers  and  thermometers  ? 

A.  Because  the  air  is  excluded;  and 
no  moisture  can  come  in  contact  with  it, 
to  oxidize  (or  tarnish ) it. 

Q.  Is  gold  affected  by  the  atmosphere  ? 

A.  Not  readily;  gold  will  never 
combine  with  oxygen  of  itself,  (i.  e. 
without  aid). 

Q.  Which  of  the  metals  is  capable  of  resist- 
ing oxidation  altogether  ? 

A.  Plat'inum ; in  consequence  of 
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which,  the  graduated  arcs  of  delicate 
“ instruments  for  observation”  are  made 
of  plat'inum,  in  preference  to  other  metals. 

Before  plat'inum  was  known,  gold  was  used  for  this  purpose. 

Q.  Why  is  plat'in  um  used  for  the  graduated 
arcs  of  delicate  mathematical  instruments , instead 
of  any  other  metal  ? 

A.  Because  it  will  never  oxidize ; but 
retains  its  bright  surface  in  all  weathers, 
free  from  both  rust  and  tarnish. 

“ Platinum,”  (a  white  metal,)  so  called  from  “ plata,”  the  Spanish 
word  for  silver.  It  was  introduced  from  South  America  into  Eng- 
land by  Mr.  Wood.  (A.D.  1749.) 

Q.  For  what  other  scientific  purpose  is 
plati'num  now  used ? 

A.  F or  the  construction  of  crucibles 
in  which  acids  are  to  be  employed;  and 
for  the  formation  of  some  of  the  plates 
for  galvanic  batteries. 

C^.  Why  are  ceucibles  (in  which  acids  are 
employed)  made  of  plat'inum  ? 

A.  Because  the  acid  would  act  upon 
other  metals,  or  upon  glass  ; and  prevent 
the  experimenter’s  success. 

Q.  Which  of  the  metals  have  the  greatest 
affinity  for  oxygen  ? 

A.  Those  called  potas'sium  and 
sodium. 
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Potassium  and  so'dium  derive  their  names  from  potash  and  soda. 
Potas'sa  is  the  oxide  of  potassium ; and  soda  is  the  oxide  of  so'dium. 

Q.  How  is  the  affinity  of  potas'sium  and 
sodium  for  oxygen  shewn? 

A.  They  decompose  water  immediately 
they  are  brought  into  contact  with  it. 

Q.  What  effect  has  potassium  on  water  ? 

A.  It  decomposes  it.  The  hydrogen 
being  set  free,  combines  with  the  oxygen 
of  the  air,  and  is  ignited  by  the  latent 
heat  liberated  from  the  potassium. 

N.B. — Water  is  composed  of  oxygen  and  hydrogen;  Potassium 
separates  these  two  gases, 

Q.  What  effect  has  sodium  on  water  ? 

A.  It  does  not  produce  flame,  as 
potassium  does;  but  it  decomposes  water, 
and  undergoes  very  rapid  oxidation. 

Q.  Is  the  fttbe  of  kettles  an  oxide  ? 

A.  No ; the  furr  (or  deposit  of 
boiling  water)  is  a precipitate  of  lime 
and  mineral  salt,  separated  from  water 
by  the  process  of  boiling. 

Q.  Is  not  the  pure  of  lotting  water  often 

DANGEROUS  ? 

A.  Yes  ; especially  in  tubular  boilers , 
such  as  those  employed  in  railways. 
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Q.  Why  is  ftjrr  especially  troublesome  m 
railway  engines  ? 

A.  Because  it  is  a bad  conductor  of 
heat : in  consequence  of  which,  it  hinders 
the  process  of  evaporation;  and  as  more 
fuel  is  required  to  produce  the  needful 
amount  of  steam,  a great  waste  of  fuel 
is  incurred. 

Q.  Why  is  furr  especially  dangerous  in 
railway  engines? 

A.  Because  the  boilers  are  likely  to 
become  over-heated,  when  furris  deposited 
in  them,  as  the  water  is  no  longer  in 
immediate  contact  with  the  metal  itself : 
When  this  is  the  case,  explosion  may 
occur  from  the  sudden  generation  of 
highly  elastic  steam. 

Q.  Why  are  railway  engines  never  fed  with 
brackish  water  ? 

A.  Because  brackish  water  contains 
much  mineral  matter;  which  causes  a 
large  deposit  of  furr. 

I Furr  may  be  removed  from  kettles  by  boiling  in  them  a little  sal- 
ammoniac  ( hydrochlorate,  of  ammonia).  The  hydrochloric  acid 
unites  with  the  lime  of  the  furr,  and  the  carbonic  £0?s  to  the 
ammonia.  Both  of  these  new  compounds  dissolve,  and  wash  away 
most  easily. 
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CARBONIC  ACID  GAS. 


Q.  What  is  carbonic  acid  gas  ? 

A.  A gas  formed  by  the  union  of 
carbon  and  oxygen : It  used  to  be  called 

“ FIXED  AIR.” 

3 lbs.  of  carbon  and  8 lbs.  of  oxygen  will  form  11  lbs.  of  carbonic 
acid.  It  may  be  obtained  and  collected  in  the  usual  way,  by 
pouring  a mixture  of  one  part  of  muriatic  acid,  and  10  of  water,  on 
pounded  marble  contained  in  a retort. 

Q.  Under  what  circumstance  does  carbon 
most  readily  unite  with  oxy  gen  ? 

A.  1st — When  its  temperature  is 
raised  : Thus  if  carbon  be  red  hot,  oxygen 
will  most  readily  unite  with  it : and 

2ndly — When  it  forms  part  of  the 
fluid  blood. 

Q.  Why  do  oxygen  and  carbon  so  readily 
unite  in  the  blood  ? 

A.  Because  the  atoms  of  carbon  are 
so  loosely  attracted  by  the  other  materials 
of  the  blood,  that  they  unite  very  readily 
with  the  oxygen  of  the  air  inhaled. 

Q.  Is  carbonic  acid  wholesome  ? 
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A.  No ; it  is  fatal  to  animal  life ; 
and  (whenever  inhaled)  atfts  like  a nar- 
cotic poison,  producing  drowsiness,  which 
sometimes  ends  in  death. 

Q.  How  can  any  one  know,  if  a place  be 
infested  with  cabbonic  acid  gas  ? 

A.  If  a pit  or  well  contain  carbonic 
acid,  a candle  (let  down  into  it)  will  be 
instantly  extinguished.  The  rule,  there- 
fore, is  this — Where  a candle  will  burn, 
a man  can  live ; but  what  will  extinguish 
a candle,  will  also  destroy  life. 

Q.  Why  does  a miner  lower  a candle  to 
the  bottom  of  a mine , before  he  descends  ? 

A.  Because  a candle  will  be  extin- 
guished, if  the  mine  contain  carbonic 
acid  gas  : but  if  the  candle  be  not  extin- 
guished, a man  may  fearlessly  descend. 

Q.  Why  do  well-sinkers  often  let  down  buckets 
of  fresh-slacked  lime  in  wells,  before  they  descend ? 

A.  Because  if  carbonic  acid  be  pre- 
sent, the  lime  will  absorb  it  to  form 
carbonate  of  lime. 

Q.  Why  does  a crowded  room  produce 

: HEAD-ACHE  ? 

A.  Because  its  air  is  vitiated  by  the 
action  of  many  human  lungs.  a a 2 
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Q.  Why  is  the  air  of  a room  vitiated  hy  a 

CROWD  ? 

A.  Because  it  is  deprived  of  its  due 
proportion  of  oxijgen , and  laden  with 
carbonic  acid. 

Q.  IIow  is  the  air  of  aroomvitiatedby  acrowd  ? 

A.  The  elements  of  the  air  inhaled  are 
separated  in  the  lungs : A part  of  the 
oxygen  is  converted  in  the  blood  into 
carbonic  acid : and  then  thrown  back 
again  with  the  breath  into  the  room. 

Q.  Why  are  sailors  occasionally  killed  when 
sent  to  examine  the  well  of  a ship  ? 

A.  Because  it  contains  carbonic  acid, 
probably  given  off  from  some  part  of  the 
cargo,  in  consequence  of  its  fermentation. 
This  gas  remains  in  the  lowest  hollows 
of  the  hull,  in  consequence  of  its  great 
weight. 

Cargoes  of  rice  and  coffee  sometimes  get  damp  from  leakage,  and 
then  ferment  and  throw  off  vast  quantities  of  carbonic  acid.  March 
l,  1817,  four  men  were  killed  in  the  trading  ship,  Grab  Ilawoody,  in 
its  voyage  from  Calcutta,  in  consequence  of  being  sent  to  examine 
the  well  containing  carbonic  acid,  given  off  from  some  damp  rice. 

Q.  Mention  the  historical  circumstances , so 
vcell  Icnown  in  connection  with  the  “ Black 
Hole”  of  Calcutta. 

A.  In  the  reign  of  George  II.,  the 
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Raja  (or  Prince)  of  Bengal  marched  sud- 
denly to  Calcutta,  to  drive  the  English 
from  the  country;  as  the  attack  was 
unexpected,  the  English  were  obliged 
to  submit,  and  146  persons  were  taken 
prisoners. 

The  Sur  Raja,  at  Dowlat ; a young  man  of  violent  passions,  who 
had  but  just  succeeded  to  the  throne.  A.D.  1756. 

Q.  What  became  of  these  prisoners  ? 

A.  They  were  driven  into  a place 
about  18  feet  square,  and  15  or  16  feet 
in  height,  with  only  two  small  grated 
windows.  123  died  in  one  night;  and 
(of  the  23  who  survived)  the  larger  por- 
tion died  of  putrid  fevers  after  they  were 
liberated. 

Q.  Why  were  123  persons  suffocated  in 
a few  hours , from  confinement  in  this  close  hot 
prison -hole  ? 

A.  Because  the  oxygen  of  the  air  was 
soon  consumed  by  so  many  lungs,  and  its 
place  supplied  by  carbonic  acid,  exhaled 
with  the  hot  breath. 

Q.  Why  did  the  captives  in  the  Black 
Hole  die  sleeping? 

A.  1st — Because  the  absence  of  oxy- 

a a 3 
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gen  quickly  affects  the  vital  functions, 
depresses  the  nervous  energies,  and 
produces  great  lassitude  : and 

2ndly — Carbonic  acid  (being  a narcotic 
poison)  produces  drowsiness  in  those  who 
inhale  it,  before  it  kills  them. 

The  floor  of  the  Grotto  del  Cane,  in  Italy  (i.e.  Cavern  of  Dogs)  is 
always  laden  with  carbonic  acid.  It  is  a common  practice  with  the 
guides  who  shew  it,  to  drive  dogs  in,  and  cause  them  to  suffer  a 
temporary  death.  A man  may  safely  enter  the  cavern,  because  his 
mouth  reaches  far  above  the  noxious  gas,  which,  being  nearly  twice 
as  heavy  as  air,  settles  on  the  bottom  of  the  cave. 

The  Lake  Averno,  which  Virgil  supposed  to  be  the  entrance  to  the 
infernal  regions,  gives  out  so  much  of  this  gas,  that  birds,  flying  over 
it,  are  suffocated.  Lake  Averno  means,  the  lake  destructive  to  birds . 

Q.  Why  are  the  jungles  of  Java  and  ILin- 
dostan  so  fatal  to  life  ? 

A.  Because  vast  quantities  of  carbonic 
acid  are  thrown  off  by  decaying  vegetables 
in  these  jungles  ; and  (as  the  wind  cannot 
penetrate  the  thick  brushwood,  to  blow 
the  pernicious  gas  away)  it  settles  there 
-tnd  destroys  animal  life. 

The  Valley  of  Death,  in  Java,  is  covered  with  the  skeletons  of 
b'rds,  beasts,  and  human  beings,  which  have  been  suffocated  by  the 
carbonic  acid  g<^s  which  abounds  in  the  fatal  valley. 

Q.  Why  do  persons  in  a crowded  chubch 
feel  deowsy  ? 

A.  1st — Because  a large  portion  of 

the  oxygen  of  the  air,  which  alone  can 
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sustain  healthy  action,  has  been  consu- 
med  by  the  lungs  of  the  congregation ; 
and 

2ndly — The  air  of  the  church  is  im- 
pregnated with  carbonic  acid  gas,  which 
(being  a strong  narcotic)  produces  drow- 
siness in  those  who  inhale  it. 

Q.  Why  do  persons , who  are  much  in  the 
OPEN  AIR,  enjoy  the  best  health? 

A.  Because  the  air  they  inhale  is 
much  more  pure. 

Q.  Why  is  country  air  more  pure,  than 
the  air  in  cities  ? 

A.  1st — Because  there  are  fewer 
inhabitants  to  vitiate  the  air : 

2ndly — There  are  more  trees  to  restore 
the  pure  character  of  the  vitiated  air  : and 

3rdly — The  free  circulation  of  air 
prevents  the  accumulation  of  vitiated 
products. 

For  the  same  reason,  running  streams  are  pure  and  wholesome, 
while  stagnant  waters  are  the  contrary. 

Q.  Why  does  the  scantiness  of  a country 
population  render  the  country  air  more  pure  ? 

A.  Because  the  fewer  the  inhabitants, 
the  less  carbonic  acid  will  be  thrown  into 
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the  atmosphere;  and  thus  country  people 
inhale  pure  air,  instead  of  air  impregna- 
ted with  carbonic  acid  gas. 

Q.  Why  do  trees  and  flowers  help  to  make 
country  air  wholesome  ? 

A.  1st — Because  they  absorb  the  car- 
bonic acid  generated  by  the  lungs  of 
animals,  putrid  substances,  and  other 
noxious  exhalations : and 

2ndly — Trees  and  flowers  restore  to 
the  air  the  oxygen,  contained  in  the 
carbonic  acid,  which  they  absorb. 

Q.  Why  is  the  air  of  cities  less  wholesome 

than  country  air  ? 

A.  1st — Because  there  are  more 
inhabitants  to  vitiate  the  air : 

2ndly — The  sewers,  drains,  bins,  and 
filth  of  a city,  very  greatly  vitiate  the  air : 

3rdly — The  streets  and  alleys  prevent 
a free  circulation ; and 

4thly — There  are  fewer  trees  to  absorb 
the  excess  of  carbonic  acid  gas,  and 
restore  oxygen. 

Q.  Why  are  persons,  who  live  in  close  rooms 

and  crowded  cities,  generally  sickly  ? 

A.  Because  the  air  they  breathe  is- 
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not  pure ; but  is  both  defective  in  oxygen, 
and  also  impregnated  with  carbonic  acid . 

Q.  Where  does  the  carbonic  acid  of  close 
rooms  and  cities  come  from  ? 

A.  From  the  lungs  of  the  inhabi- 
tants, the  sewers,  drains,  and  other  like 
places,  in  which  organic  substances  are 
undergoing  decomposition. 

Q.  What  becomes  of  the  carbonic  acid  of 
crowded  cities  ? 

A.  Some  of  it  is  absorbed  by  vegeta- 
bles ; and  the  rest  is  blown  away  by  the 
wind,  and  diffused  through  the  whole 
volume  of  the  air. 

Q.  Does  not  this  constant  diffusion  of  car- 
bonic acid  affect  the  p ckity  of  the  whole  air  ? 

A.  No : because  it  is  wafted  by  the 
wind  from  place  to  place,  and  absorbed 
in  its  passage  by  the  vegetable  world. 

Q.  What  is  ciioke  damp  ? 

A.  Carbonic  acid  gas  accumulated  at 
the  bottom  of  wells  and  pits  : which  ren- 
ders them  noxious,  and  often  fatal  to  life. 

Q.  Why  is  not  this  carbonic  acid  taken  up 
by  the  air  and  diffused,  as  it  is  in  cities  ? 
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A.  Because  it  cannot  rise  from  the 
well  or  pit,  in  consequence  of  being 
heavier  than  air  ; and  no  wind  can  get 
to  it,  to  help  its  diffusion. 

74|  atoms  of  carbonic  acid  weigh  as  much  as  100  lbs.  of  atmos- 
pheric air. 

Q.  Why  are  persons  sometimes  killed , by 
leaning  over  beer  vats  ? 

A . Because  vats  (where  beer  has  been 
made)  contain  large  quantities  of  car- 
bonic acid  gas,  produced  by  the  “ vinous 
fermentation  ” of  the  beer ; and  when  a 
man  incautiously  leans  over  a beer  vat, 
and  inhales  the  carbonic  acid,  he  is 
immediately  killed  thereby. 

Q.  Why  are  persons  often  killed,  who  enter 
beer  vats  to  clean  them  ? 

A.  Because  carbonic  acid  (being  hea- 
vier than  atmospheric  air)  often  rests  upon 
the  bottom  of  a vat : when,  therefore,  a 
person  enters  it,  and  stoops  to  clean  the 
bottom,  he  inhales  the  pernicious  gas, 
which  kills  him. 

Q.  Why  are  persons  sometimes  killed  by  having 
a charcoal  fire  in  their  bed  rooms  ? 

A.  Because  the  carbon  of  burning 
charcoal  unites  with  the  oxygen  of  air, 
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and  forms  carbonic  acid  gas ; which  is  a 
narcotic  poison. 

Q.  If  carbonic  acid  settles  at  the  bottom  of 
a room,  how  can  it  injure  a person  lying  upon  a 
beb,  raised  considerably  above  the  floor  ? 

A.  All  gases  diffuse  themselves  through 
each  other , as  a drop  of  inh  would  diffuse 
itself  through  a cup  of  water.  If,  there- 
fore, a person  slept  for  6 or  8 hours  in 
a room  containing  carbonic  acid,  quite 
enough  of  the  gas  will  be  diffused  through- 
out the  room  to  produce  death. 

The  heat  of  the  fire  assists  the  process  of  diffusion. 

Q.  What  are  the  chief  sources  of  CABBONIO 
acid  ? 

A.  1st — The  breath  of  animals  : 

2ndly — The  decomposition  of  vegeta- 
ble and  animal  matter : and 

3rdly — Lime-stone,  chalk,  and  all  cal- 
careous stones,  in  which  it  exists  in  a 
solid  form. 

Q.  From  which  of  these  sources  is  carbonic 
acid  most  likely  to  accumulate  to  anoxious  extent ? 

A.  From  the  fermentation  and  putre- 
faction of  decaying  vegetable  and  animal 
matters 
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Q.  How  can  this  accumulation  of  carbonic 
acid  he  prevented  ? 

A.  By  throwing  fresh-slaked  lime  into 
places,  where  such  fermentation  and 
putrefaction  are  going  on. 

Q.  How  will  fresh-slaked  lime  'prevent 
the  accumulation  of  carbonic  acid ? 

A.  By  absorbing  it ; and  producing  a 
combination  called  “ carbonate  of  lime.” 

When  lime  is  slaked,  all  its  carbonic  acid  is  driven  off  by  the 
heat ; therefore,  it  is  free  to  combine  with  more. 

Q.  Does  not  heavy  rain  prevent  the  accumu- 
lation of  carbonic  acid , as  well  as  quick-lime  ? 

A.  Yes ; an  abundant  supply  of  water 
will  prevent  the  accumulation  of  carbonic 
acid,  by  dissolving  it. 

N.B. — Red  heat  (as  a pan  of  red-hot  coals,  or  a piece  of  red-hot 
iron)  will  also  soon  disperse  the  carbonic  acid  gas  accumulated  in  a 
pit  or  well. 

Q.  What  effect  has  carbonic  acid  on  the 
water,  in  which  it  is  dissolved'? 

A.  It  renders  it  slightly  acid  to  the 
taste. 

Q.  Can  the  capacity  of  water  for  dissolving 
carbonic  acid  be  increased  ? 

A.  Yes.  Carbonic  acid  may  be  forced 
into  water  by  pressure  to  a considerable 
extent. 
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Q.  How  much  carbonic  acid  gas  is  forced  into 

AERATED  WATERS  ? 

A.  About  five  times  their  own  volume. 

Q.  Which  of  the  aerated  waters  is  the  most  com- 
mon ? 

A.  That  called  soda  water,  though  it 
very  rarely  contains  any  soda. 

Q.  Of  what  then  is  it  made  ? 

A.  Chalk  or  lime  and  sulphuric  acid 
added  to  water. 

Q.  What  effect  does  this  mixture  produce  f 

A.  The  lime  and  acid  combine  into 
“ sulphate  of  lime,”  and  give  off  carbonic 
acid  as  a gas. 

Q.  What  effect  has  this  gas  on  the  water  ? 

A.  It  makes  it  sparkle,  and  gives  it  a 
pungent  acid  flavour. 

Q.  When  the  cork  is  drawn  why  does  the  water 
effervesce  ? 

A.  Because  much  of  the  imprisoned 
gas  flies  out,  and  in  so  doing  pushes  into 
bubbles  the  water  which  obstructs  its 
passage. 

Q.  What  causes  the  mist  or  fine  shower  when 
the  cork  is  suffered  to  fly  out  suddenly  ? 
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A.  It  is  partly  due  to  water  driven  out 
of  the  bottle  by  the  escaping  gas,  and 
partly  to  the  sudden  expansion  of  the 
imprisoned  air. 

Q.  How  does  the  sudden  expansion  of  the  im • 
prisoned  air  contribute  to  this  effect  ? 

A.  When  air  expands,  its  temperature 
declines,  and  can  no  longer  hold  sus- 
pended the  same  quantity  of  vapour  it 
did  before. 

Q.  What  becomes  of  it? 

A.  It  is  given  off,  just  as  rain  is,  when 
the  atmosphere  is  saturated  and  its  tem- 
perature falls. 

Q.  What  produces  the  carbonic  acid  gas  of  gin- 
ger BEER,  BOTTLED  PORTER,  and  SPARKLING  WINES  ? 

A.  The  vinous  fermentation  which 
goes  on  after  they  are  bottled  and  corked 
down. 

Q.  Why  is  there  less  froth  in  draught  than  in 

BOTTLED  ALE  ? 

A.  Because  some  of  its  carbonic  acid 
gas  escapes  every  time  the  ale  is  drawn. 

Q.  Why  does  the  effervescence  of  porter  last 
longer  than  that  of  water  and  wine  ? 
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A.  Because  porter  being  more  sticky 
and  thick,  the  bubbles  of  its  froth  do  not 
break  so  soon. 

Q.  Why  does  fresh  spring  water  sparkle, 
when  poured  from  one  vessel  to  another  ? 

A.  Because  fresh  spring  and  pump 
water  contain  carbonic  acid : and  the  pre- 
sence of  this  gas  makes  the  water  sparkle. 

Much  of  the  froth  and  bubbling  of  ale,  beer,  water,  &c.,  when 
they  are  “poured  high,”  is  due  to  common  air  imprisoned  by  the 
action  of  dropping  water. 

Q.  What  is  the  fermentation  of  beer  and 

WlftE  ? 

A.  The  escape  of  carbonic  acid,  pro- 
duced by  the  change  of  sugar  into  alcohol. 

IT  Q.  What  is  alcohol  ? 

A.  The  spirit  of  beer  and  wine  ob- 
tained by  fermentation. 

Q.  Of  What  ELEMENTS  IS  ALCOHOL  Composed  ? 

A.  Of  carbon,  oxygen,  and  hydrogen. 

Of  Alcohol,  4 parts  are  carbon ; 2 oxygen ; and  6 hydrogen. 

Q.  What  are  the  elements  of  grape  sugar  ? 

A.  Carbon,  oxygen,  and  hydrogen,  all 
in  equal  proportions. 

Q.  What  changes  does  sugar  undergo  by  fer- 
mentation ? 

A.  It  is  first  decomposed;  and  then 
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its  elements  re-unite  in  different  propor- 
tions ; producing  alcohol,  carbonic  acid, 
and  water. 

Of  sugar,  one  portion  is  alcohol ; and  another  carbonic  acid : as 
may  be  seen  by  the  following  table  : — 

Carbon.  Oxygen.  Hydro. 

Every  atom  of  anhydrous  sugar  contains  12  12  12 


Two  atoms  of  alcohol  contain 

8 

4 

12 

Four  atoms  of  carbonic  acid  contain 

4 

8 

0 

12 

12 

12 

N.B. — “Anhydrous  sugar”  is  sugar  dried  at  300<>. 


Q.  How  does  sugar  form  al'cohol  by 
fermentation  ? 

A.  Tivo-thirds  of  its  carbon  and  one- 
third  of  its  oxygen  re-unite  with  the 
hydrogen,  and  generate  al'cohol. 

Q.  How  does  sugar  form  carbonic  acid  by 
fermentation  ? 

A.  The  remaining  one-third  of  its 
carbon  and  tivo-thirds  of  its  oxygen  j 
re-unite,  and  generate  carbonic  acid 

Q.  Wliat  becomes  of  the  al'cohol , which  is 
thus  generated  by  fermentation  ? 

A.  It  mixes  with  the  water , and  forms 
the  intoxicating  part  of  beer  and  wine. 

Q.  What  is  the  most  common  reason  for  beer, 
wine , and  other  fermented  liquors  turning  sow  ? 
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A.  Air  gets  to  them,  and  its  oxygen 
acidifies  the  alcohol,  turning  it  into 
vinegar. 

Sugar  passes  at  once  into  vinegar,  when  it  is  fermented  in  the 
open  air. 

Q.  Why  is  BABLEC  MALTED  ? 

A.  Because  germination  is  produced 
by  the  artificial  heat;  and  in  germina- 

!tion,  the  starch  of  the  grain  is  converted 
into  sugar. 

Q.  How  is  larley  malted  ? 

A.  It  is  moistened,  with  water,  and 
heaped  up  ; by  which  means,  great  heat  is 
produced,  which  makes  the  barley  sprout. 

See  “ spontaneous  combustion,”  p.  57. 

Q.  Why  is  not  the  barley  suffered  to  grow 
as  well  as  sprout  P 

A.  Because  plants  in  the  germ  con- 
tain more  sugar  than  in  any  other  state ; 
as  soon  as  the  germ  puts  forth  shoots, 
the  sugar  of  the  plant  is  consumed  to 
support  the  shoot. 

Q.  Sow  is  barley  prevented  from  shoot- 
ing, in  the  process  of  malting  ? 

A.  It  is  put  into  a kiln,  as  soon  as  it 
sprouts ; and  the  heat  of  the  kiln  checks 
or  destroys  the  young  shoot.  BaS 
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Q.  What  is  yeast  ? 

A.  The  foam  of  beer  (or  of  some 
similar  liquor)  produced  by  fermentation. 

Q.  Why  is  yeast  used  in  is  hewing  ? 

A.  Because  it  consists  of  a substance 
called  gluten,  undergoing  putrefaction; 
in  which  state  it  possesses  the  peculiar 
property  of  exciting  fermentation. 

If  the  gluten  were  not  in  a putrefying  state,  it  could  not  produce 
fermentation. 

Q.  What  is  glu'ten  f 

A.  A tough  elastic  substance,  com- 
posed of  carbon,  oxygen,  hydrogen,  and 
nitrogen. 

It  is  the  presence  of  nitrogen  which  gives  yeast  the  power  to 
excite  fermentation. 

Q.  Does  malt  contain  gluten  ? 

A.  Yes.  The  infusion  of  malt,  called 
“ sweet-wort,”  contains  an  abundance  of 
glu'ten ; and  the  yeast  (which  converts 
its  sugar  into  alcohol ) converts  this  gluten 
into  yeast. 

Q.  Why  is  yeast  needful,  in  order  to  make 
the  infusion  of  malt  into  beeb  ? 

A.  Because  the  presence  of  a putre- 
fying body  containing  nitrogen  is  essen- 
tial in  order  to  convert  sugar  into  alcohol. 
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Q.  What  effect  has  yeast  upon  the  sweet- 
wort? 

A.  It  causes  the  sugar  of  the  wort 
to  be  converted  into  al'cohol  and  carbonic 
acid  ; and  its  gluten  into  yeast. 

Q.  What  change  is  produced  in  gluten  by 

PUTREFACTION? 

A.  Its  elements  are  loosened  from 
their  former  conditions  of  combination, 
and  re-arranged  (with  the  addition  of 
oxygen  from  the  air)  into  a new  series. 

Q.  What  is  the  difference  between  fermen- 
tation and  putrefaction  ? 

A.  Fermentation  is  a change 
effected  in  the  elements  of  a body  com- 
posed of  carbon,  oxygen,  and  hydrogen, 
without  nitrogen.  Putrefaction  is  a 
change  effected  in  the  elements  of  a 
body  composed  of  carbon,  oxygen,  hy- 
drogen, and  nitrogen. 

Q.  What  new  compounds  are  produced  by 
the  change  called  fermentation  ? 

A.  Alcohol  and  carbonic  acid. — The 
alcohol  is  still  further  changed  (unless 
the  process  be  checked!  into  ace'tic  acid 
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Q.  What  new  compounds  are  produced  by 
the  change  called  putrefaction  ? 

A.  The  carbon,  oxygen,  hydrogen, 
and  nitrogen,  of  the  original  substance 
(being  separated  by  decomposition)  re- 
unite in  the  following  manner.  1.  Carbon 
and  oxygen  unite  to  form  carbonic  acid. 
2.  Oxygen  and  hydrogen  unite  to  form 
water.  3.  Hydrogen  and  nitrogen  unite 
to  form  ammonia. 

Hartshorn  is  a solution  of  ammonia  in  water. 

N.B.— When  bodies  containing  sulphur  and  phosphorous  putrefy, 
the  sulphur  and  phosphorus  unite  with  hydrogen , and  form  sul- 
phuretted and  phosphuretted  hydrogen  gases. 

Q.  What  become  of  these  several  products 
of  putrefaction  ? 

A.  They  are  all  elastic  bodies,  and 
escape  into  the  air. 

N.B. — Water  in  the  condition  of  vapour , is  both  elastic  and  gaseous. 

Q.  What  is  the  cause  of  the  offensive 
smell  which  issues  from  putrefying  bodies  ? 

A.  The  evolution  of  ammonia,  or  of 
sulphuretted  and  phosphuretted  hydrogen 
gases;  all  of  which  have  pungent  and 
offensive  odours. 

Q.  Why  do  boiled  egos  discolour  a 

SILVER  SPOON? 


FERMENTATION. 


285 


A.  Because  they  contain  a small 
portion  of  sulphur,  which  unites  with  the 
silver,  and  tarnishes  it  as  soon  as  it  is 
moistened  with  saliva. 

Both  the  white  and  yolk  contain  sulphur— the  latter  more  abun- 
dantly. The  tarnish  is  a sulphuret  of  silver,  and  may  be  easily 
removed  by  rubbing  with  hartshorn  or  table  salt. 

Q What  causes  the  offensive  smell  of  stale 
hard  boiled  eggs  ? 

A.  The  hydrogen  of  the  egg  com- 
bining with  its  sulphur  and  phosphorus, 
form  sulphuretted  and  phosphuretted  hy- 
drogen; both  of  which  gases  have  an 
offensive  odour. 

Of  an  egg  55  parts  are  carbon,  16  nitrogen,  7 hydrogen,  and  the 
remaining  22  are  oxygen,  phosphorus,  and  sulphur.. 

Q.  Why  is  it  not  needful  to  put  yeast  into 
grape  juice,  in  order  to  produce  fermentation  ? 

A.  Because  grape  juice  contains  a 
sufficient  quantity  of  a nitrogenized 
substance  like  yeast,  to  produce  fermen- 
tation without  it. 

Nitrogenized,  i.e.  containing  nitrogen. 

Q.  Why  do  not  (shapes  ferment,  while  they 
hang  on  the  vine  ? 

A.  Because  the  water  of  the  juice 
evaporates  through  the  skin,  and  allows 
the  grapes  to  shrivel  and  dry  up,  after 
they  are  ripe. 
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Fermentation  cannot  occur  unless  the  sugar  be  dissolved  in  a 
sufficient  quantity  of  water. 

Q.  What  is  the  froth  or  scum  of  fermented 
liquors  ? 

A.  Putrefying  glutinous  substances 
(resembling  yeast),  which  rise  to  the 
surface  from  their  lightness. 

Q.  Why  is  beer  flat,  if  the  cash  be  left 
open  too  long? 

A.  Because  too  much  of  the  carbonic 
acid  gas,  (produced  by  fermentation)  is 
suffered  to  escape. 

Q.  Why  are  beer  and  porter  made  stale  by 
being  exposed  to  the  air  ? 

A.  Because  too  much  of  the  carbonic 
acid  gas,  (produced  by  fermentation)  is 
suffered  to  escape. 

Q.  Why  does  leer  turn  flat,  if  the  tent 
peg  be  left  out  of  the  tub  ? 

A.  Because  the  carbonic  acid  gas 
escapes  through  the  vent  hole. 

Q..  Why  will  NOT  beer  run  out  of  a tub,  till 
the  tent  peg  is  taken  out  ? 

A.  Because  the  upward  pressure  of 
the  external  air  (admitted  through  the 
tap)  holds  the  liquor  back, — not  being 
counterbalanced  by  any  pressure  of  air 
on  the  surface  of  the  liquid. 
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The  upward  pressure  of  air  may  be  illustrated  by  the  following 
simple  experiment : — Fill  a wine  glass  with  water ; cover  the  top 
of  the  glass  with  a piece  of  writing  paper ; turn  the  glass  upside 
down,  and  the  water  will  not  run  out.  The  paper  is  used  merely 
to  give  the  air  a medium  sufficiently  dense  to  act  against. 

Q.  Why  does  the  leer  run  freely,  imme- 
diately the  tent  peg  is  taken  out? 

A.  Because  air  rushes  immediately 
through  the  vent  hole  at  the  top  of  the  tub, 
to  counterbalance  the  air  admitted  by 
the  tap ; in  consequence  of  which  the 
liquid  escapes  by  its  own  weight. 

Q.  Why  does  liquor  flow  reluctantly  out  of 
a bottle  held  upside  down  ? 

A.  Because  the  upward  pressure  of 
the  air,  interferes  with  its  free  escape 
from  the  narrow  mouth  of  the  bottle. 

Q.  Why  should  a lottle  he  held  obliquely, 
in  order  to  be  emptied  of  its  liquor  ? 

A.  Because  the  liquor  will  then  run 
out  by  the  under  portion  of  the  neck,  and 
allow  the  air  to  flow  in  by  the  upper  part 
to  counterbalance  the  upward  pressure. 

Q.  Why  does  wine  ( poured  from  a lottle 
quickly)  spirt  about , without  going  into  the 
decanter  ? 

A.  Because  it  fills  the  top  of  the 
decanter  (like  a cork),  and  leaves  no  room 
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for  the  air  inside  to  escape ; the  decanter, 
therefore,  (being  full  of  air)  refuses  to 
admit  the  wine. 

Q.  Why  does  the  effervescence  of  soda 
water  and  ginger-beer  very  soon  go  off? 

A.  Because  the  carbonic  acid,  (which 
produced  the  effervescence)  very  rapidly 
escapes  into  the  air. 

Q.  Why  is  boiled  water  flat  and  insipid  ? 

A.  Because  the  whole  of  the  carbonic 
acid  is  expelled  by  boiling,  and  escapes 
into  the  air. 

Q.  Why  does  yeast  rnalce  bread  light  ? 

A.  Because  it  produces  a species  of 
fermentation  on  the  starch  and  glu'ten 
of  flour,  as  it  does  in  the  sugar  of  malt. 

Q.  How  does  fermentation  make  the 

dough  rise  ? 

A.  During  fermentation,  carbonic 
acid  gas  is  evolved;  but  the  sticky  tex- 
ture of  the  dough  will  not  allow  it  to 
escape ; so  it  forces  up  little  bladders  all 
through  the  dough. 

Q.  Why  is  DOtraH  placed  before  afire  ? 

A.  1st — Because  the  heat  of  the  fire 
increases  fermentation ; and 
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2ndly — It  expands  the  gas  confined  in 
the  little  bladders;  in  consequence  of 
which,  the  bubbles  are  enlarged,  and  the 
dough  becomes  lighter  and  more  porous. 

Q.  Why  is  bread  heavy  if  the  dough  be 
removed  from  the  fire  ? 

A.  Because  the  dough  gets  cold,  and 
the  air  in  the  bladders  condenses : In 
consequence  of  which,  the  paste  falls, — 
and  the  bread  becomes  close  and  heavy. 

Q.  Why  is  wheaten  bread  more  nutbitious 
than  that  made  from  any  other  grain  ? 

A.  Because  wheat  contains  more 
gluten  than  other  grains,  on  which  its 
nutritive  quality  depends. 

Good  wheat  flour  contains  about  25  per  cent,  of  gluten, 

Q.  What  causes  the  heat  of  fire  ? 

A.  The  heated  carbon  of  fuel  com- 
bines with  oxygen  from  the  air,  and 
produces  carbonic  acid  gas,  by  which 
chemical  action  heat  is  evolved. 

Q.  What  causes  the  heat  of  animal  bodies? 

A.  The  carbon  of  the  blood  combines 
with  oxygen  from  the  air  inhaled,  and 
produces  carbonic  acid  gas : which  evolves 

heat  in  a way  similar  to  burning  fuel. 
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Q.  Whence  does  the  heat  of  a dunghili 
arise  t 

A.  The  straw,  &c.,  of  the  dunghill, 
undergoes  fermentation  from  decay,  and 
produces  carbonic  acid  gas  ; from  which 
heat  is  evolved  by  a species  of  combus- 
tion, as  in  the  two  former  cases. 

Q.  How  does  the  formation  of  carbonic 
acid  (in  all  these  cases')  produce  heat  ? 

A.  Carbonic  acid  has  less  power  of 
holding  latent  heat,  than  carbon  and  oxy- 
gen have : when,  therefore,  these  ele- 
ments are  changed  into  carbonic  acid, 
latent  heat  is  given  off,  and  made  sensible. 

Q.  Why  do  persons  throw  lime  into  bins 
and  sewers,  to  prevent  their  offensive  smell  in 
summer  time  ? 

A.  Because  they  contain  various 
gases,  which  readily  combine  with  lime; 
and  neutralize  their  offensive  odours. 

Q.  Why  should  water  (used  for  washing ) 
be  exposed  to  the  air  ? 

A.  Because  it  is  made  softer  by  expo- 
sure to  the  air. 

Ttfost  spring  water  holds  lime  in  solution  as  a bicarbonate , in  con- 
sequence of  the  piesence  of  abundant  carbonic  acid.  Carbonic  acid 
escapes  by  exposure  to  air — and  the  lime  is,  consequently,  deposited 
as  a carbonate.  The  bicarbonate  of  lime  conta'X  *wice  as  much 
car*— *>ie  acid  as  the  carbonate. 
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Q.  Why  is  hard  water  made  softer  by 
exposure  to  air  ? 

A.  1st — Because  the  mineral  salts 

(which  cause  its  hardness)  subside  ; and 

2ndly — Because  the  carbonic  acid  of 
the  water  makes  its  escape  into  the  air. 

Q.  How  is  the  carbonic  acid  of  water  produced? 

A.  By  the  presence  of  what  is  called 
the  bicarbonate  of  lime , which  is  fre- 
quently held  in  solution  by  hard  water. 

Bicarbonate  of  lime  is  a salt,  composed  of  lime  and  carbonic  acid. 

Q.  Why  is  hard  water  more  agreeable  to 
drink,  than  soft  water  ? 

A.  Chiefly  because  it  contains  car- 
bonic acid. 

Q.  Why  is  water , eres  nfrom  the  pump,  more 

sparkling,  than  after  it  has  been  drawn  some  time? 

A.  Because  water  fresh  from  the 
pump  contains  carbonic  acid,  which  soon 
escapes  into  the  air,  and  leaves  the  water 
flat  and  stale. 

Q.  Why  is  quick-lime  formed  by  subjecting 

chalk  and  limestone  to  intense  heat  in  a kiln  ? 

A.  Because  the  carbonic  acid  (which 
rendered  it  mild)  is  driven  off  by  the 
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heat  of  the  kiln : and  the  lime  becomes 
quick  or  caustic. 

Chalk  and  lime-stone  are  not  burnt,  but  calcined  by  the  heat  of 
the  kiln. 

Q.  What  is  mobt  ab  ? 

A.  Lime  mixed  with  sand  and  water. 

Q.  What  is  the  difference  between  quick- 
lime and  SLACKED-'IilME  ? 

A.  Slacked-li  me  is  quick-lime  to 
which  water  has  been  added. 

When  quick-lime  is  slacke  d,  by  the  addition  of  water,  great  heat 
Is  given  out ; the  latent  beat  of  the  fluid  water  being  made  sensible 
when  it  becomes  solid  by  uni  ting  with  the  lime. 

Q.  Why  does  mobtab  become  hard,  after 
a few  days? 

A.  Because  the  lime  re-imbibes  from 
the  air  the  carbo  nic  acid  which  had  been 
expelled  by  fire  ; and  the  loose  powder 
again  becomes  as  hard  as  the  original 
lime-stone. 

Q.  Explain  in  what  way  mobtab  is  adhesive. 

A.  When  th  e carbonic  acid  is  expel- 
led, the  hard  lim  e-stone  is  converted  into 
a loose  powder , which  (being  mixed  with 
sand  and  water)  becomes  a soft  and  sticky 
plaster;  but,  as  soon  as  it  is  placed 
between  bricks  it  re-imbibes  carbonic  acid, 
and  hardens  ir  to  lime-stone  agaiu. 
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Q.  What  is  CHOKE-DAMP  ? 

A.  Carbonic  acid  gas  accumulated  at 
the  bottom  of  wells  and  pits.  It  is  called 
choke  damp,  because  it  choices  (or  suffo- 
cates) every  animal  that  attempts  to 
inhale  it.  ( See  p.  266.) 

It  suffocates  without  getting  into  the  lungs , by  closing  the  outer 
orifice  spasmodically. 

Q.  What  is  marsli-gas  or  fire-damp  ? 

A.  Carburetted  hjdrogen  gas  accumu- 
lated on  marshes,  in  stagnant  waters, 
and  coal  pits ; it  is  frequently  called 
“ inflammable  air.” 

Q.  Wliat  is  CARBURETTED  HYDROGEN  GAS  ? 

A.  Carbon  chemically  combined  with 
hydrogen. 

Q.  How  may  carburetted  hydrogen  gas 
be  procured  on  marshes  ? 

A.  By  stirring  the  mud  at  the  bottom 
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of  any  stagnant  pool,  and  collecting  the 
gas  (as  it  escapes  upwards)  in  an  inver- 
ted glass  vessel. 

Q.  What  is  COAL  GAS  ? 

A.  Carburetted  hydrogen,  extracted 
from  coals  by  the  heat  of  fire. 

Q.  Why  is  carburetted  hydrogen  gas  called 
fiee-dahp,  or  inflammable  air  ? 

A.  Because  it  very  readily  explodes, 
when  a light  is  introduced  to  it. 

Provided  atmospheric  air  he  present. 

Q.  Why  is  carburetted  hydrogen  gas  fre- 
quently called  maksh  gas  ? 

A.  Because  it  is  generated  in 
meadows  and  marshes  from  putrefying 
vegetable  substances. 

See  ignis  fatuus,  298. 

Q.  What  gas  is  evolved  by  the  wick \ of  a 
burning  candle  ? 

A.  Carburetted  hydrogen  gas : The 
carbon  and  hydrogen  of  the  tallow  combine 
into  a gas  from  the  heat  of  the  flame ; 
and  this  gas  is  called  carburetted  hydrogen. 

Q.  Why  does  the  air  in  coal-mines  fre- 
quently explode  ? 

A.  Because  the  carburetted  hydrogen 
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gas  (generated  in  these  mines  by  the 
coals)  having  mixed  with  common  air, 
explodes,  when  a light  is  incautiously 
introduced. 

Q.  How  can  miners  see  in  coal-pits,  if  they 
may  never  introduce  a light  ? 

A.  Sir  Humphrey  Davy  invented  a 
lantern  for  the  use  of  miners,  called 
“the  Safety  Lamp which  may  be  used 
without  danger. 

Q.  Who  was  Sir  Humphrey  Davy  ? 

A.  A very  celebrated  chemist,  bom 
in  Cornwall,  1778  : he  died  in  1829. 

Q.  What  sort  of  thing  is  the  safety  lamp  ? 

A.  A kind  of  lantern,  covered  with  a 
fine  wire  gauze,  instead  of  glass  or  horn. 

Q.  How  does  this  fine  wire  gauze  prevent 
explosion  in  a coal  mine  ? 

A.  By  killing  the  flames  inside  the 
lamp,  and  thus  preventing  their  trans- 
mission to  the  inflammable  gas  of  the 
mine. 

N.B. — The  interstices  of  the  wire  gauze  must  not  he  fewer  than 
400  to  a square  inch. 

Q.  Why  will  not  flame  pass  through  very 
fine  wire  gauze  ? 

A.  Because  the  wire-gauze  is  a very 
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rapid  conductor  of  heat ; and  when  the 
flaming  gas  burning  in  the  lamp  reaches 
it,  so  much  heat  is  drawn  off  that  the 
flame  is  extinguished ; and,  consequently, 
it  cannot  ignite  the  explosive  gas  of  the 
mine. 

Sir  Humphrey  Davy  says:  “When  two  vessels  filled  with  a 
gaseous  explosive  mixture  are  connected  with  a narrow  tube,  if  the 
contents  of  one  vessel  are  fired,  the  flame  will  not  communicate  to 
the  other  vessel ; for  the  flame  being  extinguished  by  cooling,  its 
transmission  is  rendered  impossible.” 

Q.  Does  the  gas  of  a coal-pit  get  through 
the  wire-gauze  into  the  lantern  ? 

A.  Yes : and  the  inflammable  gas 
ignites,  and  burns  inside  the  lamp : but 
no  danger  arises,  so  long  as  the  wire- 
gauze  does  not  become  very  much  heated. 

Q.  How  can  the  miner  tell  when  the  moment 
of  danger  has  arrived  ? 

A.  By  observing  when  the  wire- 
gauze  becomes  red-hot ; danger  is  then 
present : for  should  the  heat  rise  higher 
the  flame  would  pass  and  produce  ax. 
explosion,  because  the  wire  would  be  no 
longer  able  to  cool  it. 

N.B. — When  the  carburetted  hydrogen  gas  explodes  from  a 
miner’s  candle,  the  miner  sometimes  perishes  in  the  blast  of  the 
flame;  and  sometimes  suffers  suffocation  from  the  carbonic  acid 
thus  produced. 
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CHAPTER  XXI. 


PHOSPHTXRETTED 
HYDROGEN  GAS. 


Q.  From  what  do  the  very  offensive  ef 
FLTJVIA  of  dead  bodies  in  church-yards  arise  ? 

A.  From  a gas  called  phosphuret- 
ted  hydrogen  : which  is  phosphorus 
combined  with  hydrogen  gas. 

The  escape  of  ammonia  and  sulphuretted  hydrogen  contribute# 
much  to  this  offensive  odour. 

Q.  What  is  phosphorus  ? 

A.  A pale  amber-coloured  substance, 
resembling  wax  in  appearance.  The 
word  is  derived  from  two  Greek  words, 
which  mean  “ to  produce  or  bring  light." 

(<ps>i-<t>ep  fiv.) 

Q.  How  is  phosphorus  obtained? 

A.  By  heatiag  bones  to  a white 
heat:  by  which  means,  the  animal 
matter  and  charcoal  are  consumed,  and 
a substance  called  “ phosphate  of  lime’ 
is  left  behind. 

Q.  What  is  the  phosphate  of  lime  ? 

A.  The  principal  constituent  of  bones. 
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It  is  a compound  of  phosphorus,  oxygen, 
and  lime. 

Phosphorus  and  oxygen  in  combination  constitute  phosphoric  acid. 

Q.  Of  what  is  the  ignitable  part  of  lucifer 

matches  made  ? 

A.  Of  phosphorus ; and  above  250 
thousand  lbs.  are  used  every  year  in 
London  alone,  merely  for  the  manufac- 
ture of  lucifer  matches. 

Q.  Why  do  lucifer  matches  so  readily  ignite  ? 

A.  Because  phosphorus  (with  which 
they  are  tipped)  inflames  with  such  a 
slight  degree  of  heat,  that  even  gentle 
pressure  or  friction  will  raise  its  temper- 
ature enough  to  kindle  it  into  flame. 

Q.  What  is  the  cause  of  the  ignis  fatufs, 
Jack  o' Lantern,  or  Will  o' the  Wisp  ? 

A.  This  luminous  appearance  (which 
haunts  meadows,  hogs,  and  marshes) 
arises  from  the  gas  of  putrefying  animal 
and  vegetable  substances  ; especially  from 
decaying  fish. 

The  Welsh  “ Corpse  Candles”  are  the  same  things. 

Q.  Why  are  these  luminous  phantoms  so 
seldom  seen  ? 
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A.  Because  phosphoric  hydrogen  is 
so  very  volatile,  that  it  generally  escapes 
into  the  air  in  a thinly  diffused  state. 

If  phosphorus  he  boiled  with  milk  of  lime,  and  the  beak  of  the 
retort  placed  under  water,  bubbles  of  phosphuretted  hydrogen  will 
rise  successively  through  the  water,  and  (on  reaching  the  surface) 
burst  into  flame.  It  is  the  singular  property  of  this  gas  to  ignite 
spontaneously  in  air  when  it  has  been  produced  by  the  action  of  lime 
or  potassa  on  water ; when  the  gas  is  procured  directly  from  hydrated 
phosphorus,  it  does  not  ignite  spontaneously,  because  it  is  more  pure. 

Q.  Why  does  an  ignis  fatuus , or  Will  o' the 
Wisp , fly  from  us  when  we  bun  to  meet  it  ? 

A.  Because  we  produce  a current  of 
air  in  front  of  ourselves,  (when  we  run 
towards  the  ignis  fatuus)  which  drives 
the  light  gas  forwards. 

Q.  Why  does  an  ignis  fatuus  run  after  us, 
when  we  flee  from  it  in  a fright  ? 

A.  Because  we  produce  a current  of 
air  in  the  way  we  run,  which  attracts  the 
light  gas  in  the  same  course ; drawing  it 
after  us,  as  we  run  away  from  it. 

Q.  Is  not  a kind  of  Jack  o' Lantern  some- 
times produced  by  insects  ? 

A.  Yes ; swarms  of  luminous  insects 
passing  over  a meadow,  sometimes  pro- 
duce an  appearance  similar  to  the  ignis 
fatuus. 
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Q.  May  not  many  ghost  stories  have  arisen 
from  some  ignis fatuus  lurking  about  churchyards? 

A.  Perhaps  all  the  ghost  stories 
(worthy  of  any  credit  at  all)  have  arisen 
from  the  ignited  gas  of  churchyards — 
lurking  about  the  tombs  : to  which  fear 
has  added  its  own  creations. 


CHAPTER  XXII. 

WIND. 


Q.  What  is  wind  ? 

A.  Wind  is  air  in  motion. 

Q.  What  puts  the  air  in  motion,  so  as  to 
produce  wind  ? 

A.  The  principal  causes  are  varia- 
tions of  heat  and  cold  ; produced  by  the 
succession  of  day  and  night,  and  of 
summer  and  winter. 

Q.  What  effect  has  heat  upon  the  air  ? 

A.  Heat  rarefies  the  air,  and  causes 
it  to  expand. 

l).  How  do  you  KNOW  that  heat  causes  the 
air  to  expand  ? 
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A.  If  a bladder  half  full  of  air  (tied 
tight  round  the  neck)  be  laid  before  a 
-fire,  the  air  will  expand  by  the  heat,  and 
fill  the  bladder. 

Q.  What  effect  is  'produced  upon  air  by 
RAREFACTION  ? 

A.  It  is  made  lighter,  and  ascends 
through  colder  strata ; as  a cork  (put  at 
the  bottom  of  a basin  of  water)  rises  to 
the  surface. 

Q.  Prove  that  rarefied  air  ASCENDS. 

A.  When  a boy  sets  fire  to  the  cotton 
or  sponge  of  his  balloon,  the  flame  heats 
the  air ; which  becomes  so  light,  that  it 
ascends,  and  carries  the  balloon  with  it. 

Q.  What  effect  is  produced  upon  air  by  cold  ? 

A.  It  is  condensed,  or  squeezed  into 
a smaller  compass;  in  consequence  of 
which,  it  becomes  heavier,  and  descends 
towards  the  ground. 

Q.  Prove  that  air  is  condensed  by  cold. 

A.  Lay  a bladder  half  full  of  air  before 
a fire,  till  it  has  become  fully  inflated ; if 
it  be  now  removed  from  the  fire,  the 
bladder  will  collapse  again,  because  the 
air  condenses  into  its  former  bulk. 
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Q.  What  is  meant  by  the  bladder  “ collap- 
sing?” 

A.  The  skin  becoming  twinkled, 
shrivelled,  and  flabby  ; because  there  is 
not  sufficient  air  inside  to  fill  it. 

Q.  How  do  you  know  that  condensed  air 

will  DESCEND? 

A.  Because  a fire  balloon  falls  to  the 
earth,  so  soon  as  the  spirit  in  the  cotton 
is  burnt  out,  and  the  air  of  the  balloon 
has  become  cold  again. 

Q.  Does  the  sun  heat  the  air,  as  it  does  the 

EARTH  ? 

A.  No : the  air  is  not  heated  by  the 
rays  of  the  sun ; because  air  (like  water) 
is  a very  bad  conductor. 

Q.  How  is  AIB  HEATED  ? 

A.  By  convection,  thus : — The  sun 
heats  the  earth,  and  the  earth  heats  the 
air  resting  upon  it ; this  hot  air  rises,  and 
is  succeeded  by  colder  air,  which  is  heated 
in  a similar  way ; till  the  whole  volume 
is  warmed  by  these  “ convective  currents.” 

Q.  What  is  meant  by  “ convective  cub- 
bents”  of  hot  air  ? 

A.  Streams  of  air,  heated  by  the 
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earth,  which  rise  upwards  and  carry  heat 
with  them.  (Seep.  252.) 

Q.  Is  the  air  in  a room  in  perpetual  motion , 
7$  the  air  abroad  is  ? 

A.  Yes ; there  are  always  two  currents 
of  air  in  any  room  we  occupy:  one  of 
hot  air  flowing  out  of  the  room,  and 
another  of  cold  air  flowing  into  the  room. 

Q.  How  do  you  ktow,  that  there  are  these 
two  currents  of  air  in  every  occupied  room? 

A.  If  I hold  a lighted  candle  near 
the  top  of  the  door,  the  flame  will  be 
blown  outivards  (towards  the  hall ) ; but  if 
I hold  the  candle  at  the  bottom  of  the 
door,  the  flame  will  be  blown  inwards 
(into  the  room.) 

N.B. — This  is  not  the  case  when  a fire  is  in  the  room.  When  a 
fire  is  lighted,  an  inward  current  is  drawn  through  all  the  crevices. 

Q.  Why  yjould  the  flame  he  blown  outwards 
( towards  the  hall),  if  a candle  he  held  at  the  top 
of  the  door  ? 

A.  Because  the  air  of  the  room,  being 
heated,  &c.,  ascends  ; and  (floating  about 
the  upper  part  of  the  room)  escapes 
through  the  crevice  at  the  top  of  the  door, 
producing  a current  of  air  from  the  room 
into  the  hall 
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Q.  Why  would  the  flame  he  lilown  inwards 
( into  the  room),  if  a candle  he  held  at  the  bottom 
of  the  door  ? 

A.  Because  the  cold  air  from  without 
is  rushing  inwards,  through  the  crevice 
at  the  bottom  of  the  door,  to  drive  the 
light  warm  air  out  at  the  top. 

Q.  How  does  warm  air  make  its  escape 
from  a room  ? 

A.  The  warm  air  is  pressed  out  by 
the  cold  air  coming  in  below ; and  escapes 
by  means  of  the  crevices  at  the  top  of 
the  room. 

Q.  Why  are  not  all  places , which  lie  under  the 
same  parallel  of  latitude , of  the  same  temperature  ? 

A.  Because  various  disturbing  cir- 
cumstances tend  to  vary  the  mean  tem- 
perature. 

Q.  What  disturbing  circumstances  affect  the 
temperature  of  particular  situations  ? 

A.  1st — The  elevation  and  form  of 
the  land : 

Sndly — The  proximity  of  the  sea : 

3rdly — Mountains,  swamps,  and  fo- 
rests : 

4thly — The  nature  of  the  soil : and 
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5thly — The  prevalence  of  cold  or  warm 
winds. 

Q.  What  effect  is  produced  on  temperature 
by  the  configuration  of  lakds  ? 

A.  Islands  and  peninsulas  are  warmer 
than  continents ; bays  and  inland  seas 
also  tend  to  raise  the  mean  temperature. 

Q.  What  effect  has  the  sea  on  temperature  ? 

A.  In  ivarm  climates  it  tends  to 
diminish  the  heat;  in  cold  climates  <0 
mitigate  the  cold. 

Q.  What  effect  have  mountains  on  temper- 
ature ? 

A.  Chains  of  mountains  which  ward 
off  cold  winds,  raise  temperature ; but 
mountains  which  ward  off  south  and  west 
winds,  lower  it. 

Q.  What  effect  has  soil  on  temperature  ? 

A.  A sandy  soil  which  is  dry,  is 
warmer  than  a marshy  soil  which  is  wet, 
and  subject  to  great  evaporation. 

For  effects  of  forests  on  temperature,  see  p.  167. 

Q.  Does  all  wind  maintain  the  same  velocity  ? 

A.  The  velocity  of  wind  varies  from 
100  miles  an  hour  in  the  tornado,  to  the 
scarcely  perceptible  motion  of  a gentle 
breeze. 
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Q.  Sow  does  the  rotation  of  the  earth  upon 
its  axis  affect  the  motion  of  the  air  ? 

A.  In  two  ways.  1st — As  the  earth 
moves  round  its  axis,  the  air  is  left 
somewhat  behind;  and,  therefore,  seems 
to  a body  carried  with  the  surface  of  the 
revolving  earth,  to  be  going  in  the  op- 
posite direction  : and 

Sndly — As  the  earth  revolves,  different 
portions  of  its  surface  are  continually 
passing  under  the  vertical  rays  of  the  sun. 

Q.  When  are  the  rays  of  the  sun  called 
“vertical  rays?” 

A.  When  the  sun  is  in  a direct  line 
above  any  place,  his  rays  are  said  to  be 
“ vertical”  to  that  place. 

Q.  Illustrate  the  manner  in  which  the  earth! s 

surface  •passes  under  the  vertical  sun . 

A.  Suppose  some  part  of  the  brass 
meridian  of  a globe  to  represent  the 
vertical  sun;  as  you  turn  the  globe 
round,  different  parts  of  its  surface  will 
pass  under  that  part  of  the  brass  rim, 
in  constant  succession. 

Q.  Why  is  it  noon-day  to  the  place  over 
which  the  sun  is  vertical  ? 
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A.  Because  the  sun  is  half-way 
between  rising  and  setting  to  that  place. 

Q.  Show  how  this  rotation  of  the  earth 
affects  the  air. 

A.  If  we  suppose  some  part  of  the 
brass  meridian  to  be  the  vertical  sun,  the 
whole  column  of  air  beneath  will  be  heated 
by  the  noon-day  rays ; that  part  which 
the  sun  has  left,  will  become  gradually 
colder  and  colder  ; and  that  part  to  which 
the  sun  is  approaching,  will  grow  con- 
stantly warmer  and  warmer. 

Q.  Then  there  are  three  conditions  of  air 
about  this  spot? 

A.  Yes : the  air  over  the  place,  which 
has  passed  the  meridian,  is  cooling  ; the 
air  under  the  vertical  sun,  is  the  hottest ; 
and  the  air,  which  is  over  the  place  about 
to  pass  under  the  meridian,  is  increasing 
in  heat. 

See  fig.  on  p.  309.  The  column  A (wliich  the  sun  has  passed)  is 
cooling  : B is  under  the  vertical  sun ; and  C is  increasing  in  heat . 

Q.  How  does  this  variety  in  the  heat  of 
air  produce  wind  ? 

A.  The  air  always  seeks  to  preserve 
a condition  of  equilibrium;  so,  cold  air 
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rushes  into  the  place  occupied  by  neigh- 
bouring warm  air,  and  causes  it  to  form 
an  upward  current. 

Q.  Why  does  not  the  wind  always  blow 
one  way , following  the  direction  of  the  sun? 

A.  Because  the  direction  of  the  wind 
is  subject  to  perpetual  interruptions  from 
hills  and  valleys,  deserts  and  seas,  &c. 

Q.  How  can  hills  and  mountains  alter 
the  course  of  the  winds  ? 

A.  Suppose  a wind  (blowing  from  the 
north)  comes  to  a mountain  ; as  it  cannot 
pass  through  it,  it  must  either  rush  back 
again,  or  fly  off  at  one  side,  (as  a marble, 
when  it  strikes  against  a wall.) 

Q.  Do  mountains  affect  the  wind  in  any 
other  way? 

A.  Yes  ; many  mountains  are  capped 
with  snow,  and  the  warm  air  is  condensed, 
when  it  comes  in  contact  with  them : as 
soon  as  the  temperature  of  the  air  is 
changed,  the  direction  of  its  currents  are 
altered  also. 


See  figure  on  next  page. 
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Suppose  A B C to  be  three  columns  of  air.  A,  the  column  of  sir 
which  is  cooling  down : B,  the  column  to  which  the  sun  is  vertical ; 
and  C,  the  column  which  is  to  be  heated  next.  In  this  case,  the  cold 
air  of  A will  rush  towards  B ; because  the  air  of  B is  hotter  than 
that  of  A.  But  suppose  now  C to  be  a snow-capped  mountain;  as 
it  comes  under  B,  it  preserves  the  air  round  it.  at  its  low  tempera- 
ture still,  and  therefore  checks  for  a time  the  ascent  of  the  air  in 
that  direction. 

Q.  How  can  the  ocean  affect  the  direction 
of  the  wind  ? 

A.  When  the  ocean  rolls  beneath  the 
vertical  sun,  it  is  not  made  so  hot  as  the 
land  is;  in  consequence  of  which,  the 
general  direction  of  the  wind  is  from 
tracts  of  ocean  towards  tracts  of  land. 

Q.  Why  is  not  the  water  of  the  sea  made  so 
hot  by  the  vertical  sun , as  the  surface  of  the  land  ? 

A.  1st — Because  the  evaporation  of 

the  sea  is  greater  than  that  of  land : and 

2ndly — The  constant  motion  of  water 
prevents  the  increase  of  temperature  at 
the  surface. 
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Q.  Why  does  the  eyapoeatiok  of  the  sea  pre- 
vent its  surf  ace  from  being  heated  by  the  vertical  sun  ? 

A.  Because  its  heat  is  absorbed  in 
th  e generation  of  vapour,  and  carried  off 
into  the  air. 

Q.  Why  does  the  motion  of  the  sea  prevent 

its  surface  from  being  heated  by  the  vertical  sun? 

A.  Because  each  portion  rolls  away, 
as  soon  as  it  becomes  heated,  and  is 
succeeded  by  another ; and  this  constant 
motion  prevents  the  surface  of  the  sea 
from  being  more  heated  than  the  water 
below  the  surface. 

Q.  How  do  clouds  affect  the  wind  ? 

A.  As  passing  clouds  screen  the 
direct  heat  of  the  sun  from  the  earth, 
they  diminish  the  rarefaction  of  the  air 
also  : and  this  is  another  cause  why 
neither  the  strength  nor  direction  of  the 
wind  is  uniform. 

Q.  Bo  winds  even  blow  secularly  ? 

A.  Yes ; in  those  parts  of  the  world, 
which  present  a large  surface  of  water, 
as  in  the  Atlantic  and  Pacific  Oceans. 

Q.  What  are  the  regular  winds,  which  blow 
over  the  Atlantic  and  Pacific  Oceans,  called  i 
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A.  They  are  called  “ trade  winds.” 

They  are  called  “trade”  or  “tread  winds,”  because  they  uni- 
formly pursue  one  tread  or  track. 

Q.  What  service  are  these  winds  to  merchants  ? 

A.  They  are  very  convenient  to  mer- 
chants, who  have  to  cross  the  ocean, 
inasmuch  as  they  always  blow  uniformly 
in  one  direction. 

Q.  In  what  direction  do  the  trade  winds 
Mow  ? 

A.  That  in  the  northern  hemisphere 
blows  from  the  north-east : that  in  the 
southern  hemisphere,  from  the  south-east. 

Q.  Why  do  not  these  polar  or  trade  winds 
Mow  from  the  full  north  and  south,  directly 
towards  the  torrid  zone  ? 

A.  Because  the  poles,  from  which 
they  flow,  move  with  less  velocity  than  the 
surface  of  the  earth  over  which  they  pass 
in  their  progress  towards  the  equator. 

Q.  Mo  w does  this  difference  of  velocity  affect 
the  direction  of  the  wind  ? 

A.  In  the  same  way  as  hedges,  houses, 
or  trees,  (to  a person  in  a carriage)  seem 
to  he  running  in  an  opposite  direction. 

As  the  circumference  of  the  earth  at  the  equator  is  much  larger 
than  the  circumference  of  the  earth  at  the  poles ; therefore,  every 
spot  of  the  earth’s  equatorial  surface  must  move  much  faster , than 
the  corresponding  one  at  the  poles. 
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Q.  Why  do  currents  of  air  flow  from,  the 
POLES  to  the  EQUATOR  ? 

A.  Because  the  air  about  the  equator 
(being  rarefied  by  the  heat  of  the  sun) 
constantly  ascends,  and  thus  gives  way  to 
the  cold  air  from  the  poles. 

Q.  Is  there  an  upper  as  well  as  a lower 
current  in  the  atmosphere  ? 

A.  Yes;  the  upper  current  of  rare- 
fied air  is  from  the  equator  to  the  poles ; 
being  there  condensed,  it  returns  again 
to  the  equator,  forming  the  lower  current. 

Q.  What  effects  are  produced  by  the  double 
current  of  air  ? 

A.  1st — The  warming  and  cooling  of 

the  strata  of  air : 

2ndly — The  deposition  of  rain : and 

3rdly — The  formation  and  appearance 
of  clouds. 

Q.  How  is  the  air  affected  by  these  opposing 
currents  ? 

A.  As  cold  air  returns  from  the  poles 
to  the  equator,  and  hot  air  travels  from 
the  equator  to  the  poles,  both  currents 


POLAR  CURRENTS. 


313 


are  affected  as  they  come  into  contact 
with  each  other. 

Q.  Sow  would  these  two  opposite  currents 
of  air  cause  deposition  of  kain  ? 

A.  The  hot  current  from  the  equator 
being  mixed  with  the  cold  current  from 
the  poles,  are  condensed,  and  compelled 
to  part  with  some  of  their  moisture  in 
rain. 

Q.  Sow  are  clouds  affected  by  the  equato- 
rial and  polar  currents  of  air  ? 

A.  As  the  currents  displace  each 
other  by  any  disturbing  cause,  vapour  is 
added  to  or  taken  from,  the  clouds,  and 
produce  a total  change  in  the  “face  of 
the  sky.” 

Q.  Why  do  the  clouds  vary  almost  inces- 
santly even  in  the  calmest  day  ? 

A.  In  a great  measure  from  some 
Slight  disturbance  in  the  separate  course 
of  the  equatorial  and  polar  currents, 
whereby  the  upper  current  descends,  and 
the  lower  one  rises  into  the  other. 

Q.  So  trade-winds  blow  from  the  north-cast 
and  south-east  all  the  teae  bound  P 

b a 


i 


314 


CALMS. 


A.  Yes,  in  the  open  sea  ; that  is,  in  the 
Atlantic  and  Pacific  Oceans,  for  about 
30  degrees  each  side  of  the  equator. 

Q.  What  becomes  of  the  north-easterly  and 
south-easterly  trade  winds , when  they  approach 
the  equator  ? 

A.  They  are  lost  in  a region  of  calms, 
in  which  vessels  are  often  detained  for  a 
considerable  time. 

Q.  Is  this  region  of  calms  jfixed  in  its  position  ? 

A.  No ; it  shifts  its  .place,  according 
to  the  sun’s  distance,  and  position  in 
regard  to  the  equator : being  sometimes 
entirely  to  the  north  of  the  equator,  and 
occasionally  reaching  as  far  as  2 degrees 
south  of  it. 

Q.  Do  the  trade  winds  blow  uniformly from 

north-east  and  south-east  in  the  Indian  Ocean  ? 

A.  No;  nor  yet  in  those  parts  of 
the  Atlantic  and  Pacific  which  verge  on 
the  continents. 

Q.  Mow  do  the  winds  blow  in  the  Indian 
Ocean  ? 

A.  From  April  to  October  a south- 
west wind  prevails  ; but  from  October  to 
April,  a north-east. 
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Q.  What  are  these  periodical  currents  of 
air  ( which  affect  the  neighbourhood  of  the  Arabian , 
Indian , and  Chinese  Seas)  called? 

A.  They  are  called  monsoons. 

The  word  monsoon  is  of  Arabic  derivation ; mausim , (a  set  time 
or  season.) 

Q.  How  far  do  the  limits  of  the  monsoons 
extend  ? 

A.  From  the  African  shore  to  the 
longitude  of  New  Guinea ; and  northward 
as  far  as  the  parallel  of  latitude,  which 
crosses  the  Loochoo  Isles. 

The  Loochoo  Isles  are  about  24°  north  latitude,  and  30°  east 
longitude. 

Qe  Why  do  not  the  winds  in  the  Indian 
Ocean  blow  south-west  from  April  to  October , 
like  the  trade  winds  ? 

A.  Because  the  air  of  Arabia,  Persia, 
India,  and  China  is  so  rarefied  by  the 
enormous  heat  of  their  summer  sun, 
that  the  colder  air  from  the  south  rushes 
towards  these  countries  across  the  equator, 
producing  a south-west  wind. 

Q.  To  what  distance  does  this  south- west 
wind  prevail  ? 

A.  From  3 degrees  south  of  the 
equator,  to  the  shores  of  the  Arabian, 
Indian,  and  Chinese  Seas. 
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Q.  Why  does  the  wind  {in  the  Indian 
Ocean)  How  north-east  from  October  to  April  ? 

A.  Because  the  southern  part  of  the 
torrid  zone  is  most  heated  when  the  sun 
is  south  of  the  equator:  and  the  colder 
air  from  the  north  rushes  towards  the 
southern  tropic,  producing  a north-east 
wind  for  six  months  of  the  year. 

Q.  Are  the  monsoons  as  powerful  as  the 
trade  winds  ? 

A.  They  are  far  more  so,  and  very 
often  amount  to  violent  gales. 

Q.  Why  are  monsoons  more  useful  to  the 
mariners  than  the  fixed  trade  winds  ? 

A.  Because  mariners  are  able  to  avail 
themselves  of  these  periodic  changes,  to 
go  in  one  direction  during  one  half  of  the 
year,  and  to  return  in  the  opposite  direc- 
tion during  the  other  half. 

Q.  How  is  the  change  of  the  monsoons 
marked  ? 

A.  By  an  interval  of  alternating 
calms  and  storms. 

Q.  Have  the  winds  in  Eukope  any  general 
directions  throughout  the  year  i 
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A.  We  generally  find  that  easterly 
winds  prevail  during  the  spring  of  the 
year;  and  westerly  winds  in  the  summer 
and  autumn. 

S-West  winds  are  more  frequent  in  July  and  August.  N-East 
winds  in  January,  March,  AprL,  May,  and  June ; but  least  frequent 
in  July,  September,  and  December. 

Q.  When  are  the  winds  in  Europe  gene- 
rail  ;j  the  highest  ? 

A.  The  winds  in  December  and  Jan- 
uary are  generally  the  highest.  Those 
in  March  and  November  the  next;  and 
those  in  August  and  September  are  the 
least  boisterous. 

Q.  Why  are  the  winds  of  Europe  gene- 
rally highest  in  December  and  January  ? 

A.  Because  the  sun  is  furthest  south 
in  those  months;  and  (as  the  heat  in 
these  northern  regions  rapidly  decreases ) 
the  contrast  between  our  temperature 
and  that  of  the  torrid  zone  is  greater 
in  December  and  January,  than  in  any 
other  two  months  throughout  the  year. 

Q.  Why  does  this  contrast  of  heat  increase 
the  violence  of  the  wind? 

A.  Because  the  air  always  seeks  to 
preserve  a state  of  equilibrium  ; therefore, 
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the  greater  the  contrast,  the  more  violent 
will  be  the  rush  of  air  to  equalize  the 
two  volumes. 

Q.  Why  are  the  winds  in  Europe  generally 
most  placid,  durinq  the  months  of  September 
and  August  ? 

A.  Because  August  and  September  are 
our  warmest  months,  when  we  approach 
nearest  to  the  heat  of  the  torrid  zone ; 
therefore,  the  air  (to  and  from  the  equa- 
tor), moves  with  less  velocity  in  our 
northern  hemisphere  in  those  two 
months  than  in  any  other. 

Q.  Shew  the  goodness  and  wisdom  of  God 
in  this  constant  tendency  of  air  to  equilibrium. 

A.  If  the  torrid  zone  were  not  tem- 
pered by  cold  air  from  the  polar  regions, 
it  would  become  so  hot,  that  no  human 
being  could  endure  it.  If  (on  the  other 
hand)  the  polar  regions  were  neverwarmed 
by  hot  air  from  the  torrid  zone,  they 
would  soon  become  insufferably  cold. 

Q.  In  what  other  way  does  the  mingling 
of  the  polar  and  equatorial  atmosphere  act 
liENEPICIALLY  ? 

A.  In  the  equatorial  regions,  the 
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great  abundance  of  vegetable  life  is  pro- 
ductive of  a very  large  amount  of  oxygen: 
In  the  colder  regions,  artificial  fires  and 
dense  masses  of  animal  life,  produce 
large  quantities  of  carbonic  acid : The 
mingling  of  the  polar  and  equatorial 
atmosphere  assists  in  supplying  each  of 
these  regions  with  the  very  gas,  in  which 
it  would  be  otherwise  defective. 

Q.  How  does  the  mingling  of  the  polar 
and  equatorial  atmosphere  serve  to  supply  each 
region  with  the  gas  it  most  requires  ? 

A.  The  plants  of  the  equatorial 
regions  require  carbonic  acid : — The 
animals  of  the  colder  regions  require 
oxygen: — The  currents  of  air  from  the 
poles  carry  carbonic  acid  to  the  equato- 
rial plants  ; and  the  currents  of  air  from 
the  equator  carry  oxygen  to  the  animals 
which  abound  nearer  the  poles. 

Q.  Why  are  east  winds  in  England  gene- 
rally cold  ? 

A.  Because  they  pass  over  the  cold 
swampy  plains  of  the  North  of  Europe ; 
and  have  no  great  breadth  of  ocean  to 
flow  over  afterwards  to  warm  them, 
before  they  reach  our  shores. 
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Q.  Why  are  east  wines  in  England  gene- 
rally dry  ? 

A.  Because  they  come  over  vast 
continents  and  very  little  ocean ; in  con- 
sequence of  which,  they  have  absorbed 
very  little  water. 

Q.  How  does  this  account  for  the  drying 
power  of  the  east  winds? 

A.  Being  dry  when  they  reach  our 
island,  they  readily  imbibe  moisture  from 
the  air  and  clouds ; and,  therefore,  bring 
dry  weather. 

Q.  Why  are  north  winds  in  England 
generally  cold  ? 

A.  Because  they  come  from  the  polar 
regions,  over  mountains  of  snow,  and 
seas  of  ice. 

Q.  Why  are  north  winds  in  England 
generally  keen  and  drying? 

A.  Because  they  come  from  regions 
colder  than  our  own ; and,  being  warmed 
by  the  heat  of  our  island,  absorb 
moisture  wherever  they  find  it. 

Q.  Why  are  south  wines  generally  wabm 
in  England? 

A.  Because  they  come  over  the 
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hot  sandy  deserts  of  Africa,  which  make 
them  hot. 

Q.  Why  do  south  winds  often  bring  m 
bain  ? 

A.  Because  they  are  much  heated  by 
the  hot  sands  of  Africa ; and  imbibe  wa- 
ter very  plentifully,  as  they  pass  over  the 
Mediterranean  Sea  and  British  Channel. 

Q.  How  does  this  account  for  the  baiky 
character  of  south  winds  ? 

A.  As  soon  as  they  reach  our  cold 
climate  they  are  condensed,  and  can  no 
longer  hold  all  their  vapour  in  suspen- 
sion ; in  consequence  of  which,  some  of 
it  is  deposited  as  rain. 

Q.  Why  are  west  wxis'ds  in  'England 
generally  baint  / 

A.  Because  they  come  over  the  Atlan- 
tic Ocean,  and  are  laden  with  vapour  ; if, 
therefore,  they  meet  with  the  least  chill, 
some  of  the  vapour  is  deposited  as  rain. 

Q.  Why  is  a fine  cleab  dat  sometimes 
ovebcast  in  a few  minutes  ? 

A.  Because  some  sudden  change  of 
temperature  has  condensed  the  vapour  of 
the  air  into  clouds 


322 


DRY  AND  RAINY  WIND. 


Q.  Why  are  clouds  sometimes  dissipated 

very  suddenly? 

A.  Because  some  dry  wind  (blowing 
Dver  the  clouds)  imbibes  their  moisture, 
and  carries  it  off  in  visible  vapour. 

Q.  Why  do  south-west  windsbring  us  bain  ? 

A.  Because  they  come  from  the  torrid 
zone,  and  get  laden  with  vapour,  in  their 
transit  across  the  ocean.  But,  when 
they  reach  our  northern  island,  (being 
condensed  by  cold)  some  of  the  vapour 
is  precipitated  in  rain. 

Q.  Why  do  nobth-east  winds  eabely  bring 

BAIN  ? 

A.  Because  they  come  from  a cli- 
mate colder  than  our  own,  and  their 
capacity  for  imbibing  vapour  is  increased, 
when  they  reach  our  island;  in  conse- 
quence of  which,  north-east  winds  dry 
the  air,  dispel  the  clouds,  and  promote 
evaporation. 

Q.  Why  does  wind  sometimes  bring  bain 
and  sometimes  fine  weather  ? 

A.  If  the  wind  be  colder  than  the 
clouds , it  will  condense  their  vapour  into 
rain : But  if  the  wind  be  warmer  than  the 
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clouds,  it  will  dissolve  them,  and  cause 
them  to  disappear. 

Q.  Why  are  Mabch  winds  dry  ? 

A.  Because  they  generally  blow  from 
the  east  or  north-east;  and,  therefore, 
sweep  over  the  continent  of  Europe,  and 
cross  the  cold  waters  of  the  German 
Ocean. 

Q.  What  is  the  use  of  Mabch  winds  ? 

A.  They  dry  the  soil,  which  is  satu- 
rated with  the  floods  of  February, — 
break  up  the  heavy  clods, — and  fit  the 
land  for  the  seed  committed  to  it. 

Q.  Why  is  it  said,  that  “ Mabch  comes  in 
like  a lion  ?” 

A.  Because  it  comes  in  with  blustering 
east  winds,  so  essential  to  dry  the  soil, 
lest  it  rot  the  seeds  committed  to  it. 

Q.  Why  does  “Mabch  go  out  like  a lamb  ?” 

A.  Because  the  water  (evaporated  by 
the  high  winds)  falls  again  in  showers  to 
fertilize  the  earth;  and  these  constant 
showers  break  the  violence  of  the  winds. 

Q.  Why  is  it  said , that  “ A bushel  l/Mabcii 

DUST  is  worth  a king's  ransom  ?" 

A.  Because  it  indicates  that  there  has 
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"been  a continuance  of  dry  weather : and 
unless  March  be  dry,  the  seed  will  rot  in 
the  wet  soil. 

Q.  Why  is  it  said,  “A.  bet  cold  March 
never  begs  bread  ?” 

A.  Because  the  dry  cold  winds  of 
March  prepare  the  soil  for  seed ; which 
germinate,  and  produce  fruit  in  the 
autumn. 

Q.  It  is  said,  that  “ A wet  March  makes 
a sad  autumn Explain  the  reason  of  this. 

A.  If  March  is  wet,  so  much  seed  rots 
in  the  ground,  that  the  autumn  crops 
are  spoiled. 

Q.  It  is  said,  that  “ March  flowers  make 

HO  summer  bowers.”  Explain  the  reason  of  this. 

A.  If  the  spring  be  very  mild,  vegeta- 
tion gets  too  forward,  and  is  pinched  by 
succeeding  night  frosts,  so  that  the  sum- 
mer produces  neither  fruits  nor  flowers. 

Q.  It  is  said,  “A  late  spring  makes  a 
fruitful  tear.”  Explain  the  reason  of  this. 

A.  If  the  vegetation  of  spring  be 
backward,  frosty  nights  will  do  no  harm  ; 
because  the  fruits  and  flowers  will  not  put 
forth  their  tender  shoots,  till  the  nights 
have  become  too  warm  to  injure  them. 
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Q.  Why  is  it  said,  that  “ April  showebs 
bring  May  flowers  ?” 

A.  Because  April  showers  supply  the 
principal  nourishment  on  which  seeds 
depend  for  their  development. 

Before  seeds  can  germinate,  three  things  are  essential : — Dark- 
ness, Heat,  and  Moisture. 

Q.  Does  rain -water  possess  any  fertilizing 
properties , besides  that  of  mere  moisture  ? 

A.  Yes ; rain-water  contains  an 
abundance  of  carbonic  acid,  and  a small 
quantity  of  ammonia  ; to  which  much  of 
its  fertilizing  power  is  attributed. 

Ammonia  is  a compound  of  nitrogen  and  hydrogen.  Common 
hartshorn  is  only  ammonia  and  water. 

Q.  Why  has  God  made  November  a very 
rainy  month  ? 

A.  Because  rain  hastens  the  putre- 
faction of  the  fallen  leaves : and  this 
makes  the  earth  fertile. 

Q..  Why  is  there  more  rain  erom  Septem- 
ber to  March,  than  from  March  to  September  ? 

A.  Because  the  temperature  of  the 
air  is  constantly  decreasing;  on  which 
account,  its  capacity  for  holding  vapour 
is  on  the  decrease  also;  and  its  vapour 
precipitated  as  rain. 
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Q.  Why  is  there  less  rain  from  March  to 
September , than  from  September  to  March  ? 

A.  Because  the  temperature  of  the 
air  is  constantly  increasing ; on  which 
account,  its  capacity  for  holding  vapour 
is  on  the  increase,  and  very  little  is 
precipitated  as  rain. 

Q.  Why  is  the  rising  sun  in  summer  accom- 
panied with  a breeze  ? 

A.  Because  the  heat  of  the  rising 
sun  stops  the  radiation  of  heat  from  the 
earth,  and  warms  its  surface. 

Q.  How  does  this  warmth  produce  a breeze  ? 

A.  The  air  (resting  on  the  earth’s 
surface)  being  warmed  by  contact,  ascends ; 
and  colder  air  rushing  in  to  restore  the 
balance,  produces  the  morning  breeze. 

Q.  Why  is  there  often  an  evening  bkeeze 
during  the  summer  months  ? 

A.  Because  the  earth  radiates  heat 
at  sun-set,  and  the  air  is  rapidly  cooled 
down  by  contact : this  condensation 
causes  a motion  in  the  air,  called  the 
evening  breeze. 

Q.  Why  are  tkopical  islands  subject  to  a 
sea-breeze  every  morning  (i.e.  a breeze  blowing  from 
the  sea  to  the  land)  ? 
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A.  Because  solar  rays  are  unable  to 
heat  the  surface  of  the  sea , as  they  do  that 
of  the  earth  ; therefore,  the  air  resting  on 
the  sea  is  less  heated,  than  the  air  resting 
on  the  earth;  and  the  colder  sea  air 
blows  inland  to  restore  equilibrium. 

Q.  Why  is  a land  breeze  generally  less  healthy 
than  a sea  breeze  ? 

A.  Because  it  is  frequently  laden 
with  exhalations  from  putrefying  animal 
and  vegetable  substances. 

Q.  Why  is  a sea  breeze  fresh  and  healthy  ? 

A.  Because  it  passes  over  the  fresh 
sea,  and  is  not  laden  with  noxious 
exhalations. 

It  is  particularly  healthy , therefore,  to  walk  on  the  sea-beach 
before  ten  o’clock  in  the  morning ; but  less  so  after  sun-set. 

Q.  Why  is  there  generally  a fresh  breeze 
from  the  sea  (in  English  watering  places J during 
the  summer  and  autumn  mohhihgs  ? 

A.  Because  land  is  more  heated  by 
the  sun,  than  the  sea  is ; in  consequence 
of  which,  the  cooler  sea  air  glides  inland, 
restoring  equilibrium  by  pressing  up  the 
light  hotter  air. 

Q.  Why  does  a sea  breeze  feel  cool? 
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A.  Because  the  sun  cannot  make 
the  surface  of  the  sea  so  hot  as  the  land  ; 
therefore,  the  air  which  blows  from  the 
sea  is  cooler  than  the  air  of  the  land. 

Q.  Why  are  tropical  islands  subject  to  a 
land  breeze  every  evening  ( i.e.  a breeze  blowing 
from  the  land  towards  the  sea)  ? 

A.  Because  the  surface  of  the  land 
cools  down  faster  (after  sun-set),  than 
the  surface  of  the  sea : in  consequence 
of  which,  the  air  of  the  cold  lands  is  con- 
densed, and  flows  into  the  warmer  regions 
of  the  sea — causing  a land  breeze. 

Q.  Why  is  the  land  breeze  cool  ? 

A.  Because  the  surface  of  the  land 
is  cooled  at  sun-set  more  quickly  than 
the  surface  of  the  sea ; therefore,  the  air 
from  the  land  feels  cool. 

Q.  Why  is  the  temperature  of  islands  more 
equable  than  that  of  continents  ? 

A.  Because  the  water  around  the 
island  mitigates  the  extreme  heat  of 
summer,  and  gives  out  heat  to  diminish 
the  extreme  cold  of  winter. 

Q.  Islands  are  warmer  in  winter  than  con - 
tments.  Explain  the  reason  of  this . 
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A.  Unless  the  sea  be  frozen  (which 
is  rarely  the  case)  it  is  warmer  than  the 
frozen  land : and  the  warmth  of  the  sea 
air  helps  to  mitigate  the  intense  cold  of 
the  land  air. 

Q.  Explain  the  cause  of  sea  waves. 

A.  The  wind,  pressing  unequally  on 
the  surface  of  the  sea,  depresses  one  part 
more  than  another ; every  depression 
causes  a corresponding  elevation,  and 
these  undulations  are  called  waves. 

It  must  be  remembered  that  waves  have  no  other  than  a vertical 
motion , i.e.  up  and  down.  Any  substance,  as  a buoy,  floating-  on  a 
wave,  is  merely  elevated  and  depressed  alternately;  it  does  not 
otherwise  change  its  place. 

Q.  If  waves  are  stationary , and  only  move 
tip  and  down , why  do  they  seem  to  advance  towards 
the  shore  ? 

A.  This  is  an  ocular  deception. 
When  a corkscrew  is  turned  round,  the 
thread  appears  to  move  forward;  and 
the  apparent  omvard  motion  of  the  waves 
of  the  sea  is  a similar  delusion. 

A wave  is  a form , and  not  a thing ; the  form  advances,  but  not 
the  substance  of  the  waves. 

Q.  What  is  the  cause  of  “ breakers  ?” 

A.  The  interference  of  rocks  or  rising 
banks  in  the  sea  with  the  regular  form 
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of  the  wave,  by  which  the  “phase”  of 
the  curve  is  broken. 

“ The  phase  of  the  curve”  is  the  outline  or  arc  of  the  wave, 

Q.  What  causes  the  spray  of  leaves? 

A.  The  wind  driving  the  surface  of 
the  water  from  the  top  of  the  wave,  and 
scattering  the  small  particles  in  all 
directions. 

Q.  What  is  a tide  ? 

A.  A wave  of  the  whole  ocean,  which 
is  elevated  to  a certain  height,  and  then 
sinks  after  the  manner  of  a common 
wave.  The  interval  between  the  two 
positions  forms  a tide. 

There  are  two  tides  in  a lunar  day,  i.  e.  24  hours,  49  minutes, 

Q.  What  is  the  cause  of  tides  ? 

A.  The  principal  cause  is  the  attrac- 
tion of  the  moon  ; which  raises  the  waters 
of  the  ocean,  as  they  come  under  her 
influence  by  the  motion  of  the  earth  on 
its  axis. 

Q.  Why  do  we  generally  feel  coldek  out- 
of-doors  than  in-doors  ? 

A.  Because  the  air  is  always  changing; 
and  before  one  portion  has  become  heated 
by  our  body,  another  colder  portion  takes 
its  place,  and  absorbs  more  heat. 
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Q.  Why  is  a room  (even  without  a fire) 
generally  warmer  than  the  open  air  ? 

A.  Because  the  air  in  a room  is  not 
subject  to  much  change,  and  soon  becomes 
of  the  same  temperature  as  our  skin, 
after  which  it  no  longer  feels  cold. 

Q.  How  fast  does  wind  travel  ? 

A.  A gentle  breeze  goes  at  about 
the  rate  of  5 miles  an  hour.  A high 
wind  from  20  to  60.  A hurricane  from 
80  to  100  miles  an  hour. 

Q.  How  is  the  velocity  of  winds  ascer- 
tained ? 

A.  By  observing  the  velocity  of  the 
clouds  ; and  by  an  instrument  contrived 
for  the  purpose,  called  an  Anemometer. 

Pronounce  An-e-mom'-e-ter.  From  two  Greek  words  avefios 
(wind)  and  fierpov  (a  measure).  This  term  is  applied  more  fre- 
quently to  an  instrument  which  measures  the  force  of  wind. 

Q.  How  is  the  yelocity  of  the  clouds 
ascertained  ? 

A.  By  observing  the  speed  of  their 
shadow  along  the  ground : which  is 
found  (in  a high  wind)  to  vary  from  20 
to  60  miles  an  hour. 

Q.  Why  is  there  always  a strong  DBAUGHT 
through  the  key-hole  of  a door  ? 
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A.  Because  the  air  in  the  room  we 
occupy  is  warmer  than  the  air  in  the  hall; 
therefore,  the  air  from  the  hall  rushes 
through  the  key-hole  into  the  room,  and 
causes  a draught. 

Q.  Why  is  there  always  a strong  deaught 
UNDEE  the  door , and  through  the  crevice  on  each 
side  ? 

A.  Because  cold  air  rushes  from  the 
hall,  to  drive  the  warmer  air  up  the 
chimney. 

Q.  Why  is  there  always  a deaught  through 
the  window  crevices  ? 

A.  Because  the  external  air  (being 
colder  than  the  air  of  the  room  we  occupy) 
rushes  through  the  window  crevices  to 
drive  the  warm  air  up  the  chimney. 

Q.  If  you  open  the  lower  sash  of  a window , 
there  is  more  deaught  than  if  you  open  the  uppee 
sash.  Explain  the  reason  of  this. 

A.  If  the  lower  sash  be  open,  cold 
external  air  will  rush  freely  into  the  room, 
and  cause  a great  draught  inwards  ; but 
if  the  upper  sash  be  open,  the  heated  air 
of  the  room  will  rush  out ; and  (of  course) 
there  will  be  less  draught  inwards. 
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Cold  air  always  flows  to  the  spot  occupied  by  warm  air,  and  dis- 
places it,  because  it  is  heavier.  Both  are  drawn  down  to  the  earth, 
by  its  attraction,  but  the  heavier  cold  air  with  the  more  force ; it 
therefore  occupies  the  lower  position,  and  pushes  the  warm  air 
upwards. 

Q.  By  which  means  is  a boom  better  venti- 
lated— By  opening  the  upper  or  lower  sash  ? 

A.  A room  is  better  ventilated  by 
opening  the  upper  sash ; because  the  hot 
vitiated  air  (which  always  ascends  towards 
the  ceiling)  can  escape  more  easily . 

Q.  By  which  means  is  a hot  boom  more 
quickly  cooled — By  opening  the  upper  or  the 
lower  sash  ? 

A.  A hot  room  is  cooled  more  quickly 
by  opening  the  lower  sash  ; because  cold 
air  can  enter  more  freely  at  the  lower 
part  of  the  room  than  at  the  upper. 

Q.  Why  does  wind  dby  damp  linen  ? 

A.  Because  dry  wind  (like  a dry 
sponge)  imbibes  the  particles  of  vapour 
from  the  surface  of  linen,  as  fast  as  they 
are  formed. 

Q.  Why  is  the  galleby  of  all  public  places 
HOTTEB  than  the  loweb  parts  of  the  building  ? 

A.  Because  the  heated  air  ascends; 
and  all  the  cold  air  (which  can  enter 
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through  the  doors  and  windows),  till  it 
has  become  heated,  remains  on  the  floor 
of  the  room. 


CHAPTER  XXIII. 
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Q.  What  is  a baeometer  ? 

A.  A weather-glass,  or  instrument  to 
measure  the  variations  in  the  weight  of 
the  air. 

Barometer  is  a compound  of  two  Greek  words,  Bapos  (weight) 
and  fjLGTpov  (a  measure).  It  is  called  a weather-glass,  because 
changes  of  weather  are  indicated  by  its  varying  conditions. 

Q What  is  a thermometer  ? 

A.  An  instrument  to  show  how  hot 
or  cold  anything  is. 

Thermometer  is  a compound  of  two  Greek  words,  Qeppus 
(heat),  and  /nerpov  (a  measure). 

Q.  What  is  the  difference  letween 

THERMOMETER  and  a BAROMETER  ? 

A.  In  a thermometer  the  mercun 
is  sealed  up  from  the  air ; and  rises  or 
falls,  as  the  varying  temperature  of  the 
air  expands  or  contracts  it : but 
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In  a barometer  the  column  of  mer- 
cury is  left  exposed  (or  open)  to  the  air, 
at  its  lower  extremity  ; and  rises  or  falls, 
as  the  varying  weight  of  the  air  presses 
more  or  less  upon  it. 

Q.  If  the  mercury  of  the  thermometer  he 
sealed  tjp  from  the  air , how  can  the  heat  aeeect 
it  ? 

A.  The  heat  of  the  air  passes  through 
the  glass  tube  into  the  mercury,  causing 
the  metal  to  expand  and  rise  in  the  tube. 

Q.  Why  is  the  tube  of  a barometer  left  open  ? 

A.  That  the  air  may  press  upon  the 
exposed  surface  of  the  mercury  : As  this 
pressure  varies,  the  mercury  rises  or  falls 
in  the  tube. 

The  top  of  the  tube  must  he  a “ vacuum  otherwise  the  pressure 
of  the  external  air  upon  the  lower  part  of  the  column  would  not 
affect  the  mercury  so  freely. 

Q.  For  what  practical  purposes  is  the 
barometer  used  ? 

A.  1st — To  determine  the  height  of 
mountains  : and 

Sndly — To  indicate  changes  of  the 
weather. 

The  barometer  was  invented  by  Toricelli,  a pupil  of  Galileo,  1643. 

Q.  How  can  a barometee  determine  the 
height  of  a mountain  ? 
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A.  As  the  weight  of  air  decreases 
the  higher  we  ascend,  the  mercury  of  a 
barometer  will  gradually  fall  and  indi- 
cate the  height  of  our  ascent. 

Q.  Does  the  density  or  weight  of  air  decrease 
in  any  regular  proportion  ? 

A.  Yes  ; the  density  of  air  decreases 
upwards  in  a regular  geometrical  series. 

Thus  at  an  elevation  of  3 £ miles,  the  density  of  the  air  is  only  half 
■what  it  is  on  the  earth’s  surface : at  7 miles,  only  one-fourth ; at 
10|,  one-eighth ; at  14  miles,  one-sixteenth.  Though  the  atmos- 
phere probably  extends  45  or  50  miles  above  the  level  of  the  sea, 
yet  at  an  elevation  of  20  miles,  it  has  but  little  weight. 

Q.  What  causes  the  weight  of  air  P 

A.  The  pressure  of  superincumbent 
strata.  Thus  in  a pile  of  books,  the 
lower  volumes  sustain  the  weight  of 
those  piled  over  them. 

Q.  How  can  a barometer  which  measures  the 
weight  of  air,  be  of  service  as  a weather  yZ^ss  ? 

A.  When  air  is  filled  with  vapour,  it 
is  lighter  than  usual ; and  the  column  of 
mercury  stands  low.  When  air  is  dry, 
and  free  from  vapour,  it  is  heavier  than 
usual;  and  the  mercury  stands  high: 
Thus  the  barometer  (by  shewing  the 
variations  in  the  weight  of  the  air) 
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indicates  when  it  is  moist,  and  likely  to 
rain  or  not. 

Q.  Does  the  weight  of  the  air  vary  much  ? 

A.  Yes  ; the  atmosphere  in  England 
varies  as  much  as  one-tenth  part  more  or 
less. 

Q.  Ofwhatvsv  is  the  barometer  to  sailors ? 

A.  It  warns  them  to  prepare  their 
ships,  before  squalls  come  on. 

Q.  How  can  a barometer  warn  sailors  to 
prepare  their  shirs  ? 

A.  As  it  indicates  when  wind,  rain, 
and  storm  are  at  hand,  the  sailor  can 
make  his  ship  trim  before  they  come 
upon  him. 

Q.  Are  there  any  rules,  which  can  he  de- 
pended on  ? 

A.  Yes;  there  are  ten  special  rides 
to  direct  us  how  to  know  the  changes  of 
weather,  by  marking  the  mercury  of  a 
barometer. 

Q.  Mention  the  1st  special  rule  with 
regard  to  the  barometer. 

A.  The  barometer  is  highest  of  all 
during  a long  frost ; and  it  generally  rises 
with  a north-east  wind. 
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Q.  Why  is  the  barometer  highest  of  all 
during  a long  frost  ? 

A.  Because  the  air  is  exceedingly 
dry : and  dry  air  causes  the  mercury  of 
a barometer  to  rise. 

Q.  Why  does  the  barometer  generally  eise 
with  noeth-east  winds  ? 

A.  Because  north-east  winds  make 
the  air  both  cold  and  dry;  and  being 
both  condensed,  and  without  vapour,  it  is 
much  heavier. 

Q.  Mention  the  2nd  special  etjle  with 
regard  to  the  barometer. 

A.  The  barometer  is  lowest  of  all 
during  a thaw,  which  follows  a long  frost; 
and  it  generally  falls  with  south  or  west 
wind. 

Q.  Why  does  the  barometer  fall  lowest  of 
all , at  the  bee  akin  a up  of  a long  ekost  ? 

A.  Because  the  air  (which  had  been 
much  dried  by  the  frost)  absorbs  the 
moisture  of  the  fresh  warm  current  of 
wind  from  the  south  or  south-west;  and 
becomes  laden  with  vapour. 

Q.  Why  does  the  barometer  fall  very  low  with 
south  and  west  winds  ? 
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A.  Because  south  and  west  winds 
come  heavily  laden  with  vapour : and 
vaporized  air  is  lighter  than  dry  air. 

Q.  What  effect  has  wind  on  the  mercury  ? 

A.  The  barometer  is  high,  when  the 
wind  blows  between  the  east  and  the 
north.  But  it  is  loiv,  when  the  wind 
blows  between  the  south  and  west. 

Q.  What  is  the  3rd  special  bule  with 
regard  to  the  barometer  ? 

A.  While  the  barometer  stands  above 
30,  the  air  must  be  very  dry,  or  very 
cold,  or  perhaps  both, — and  no  rain  may 
he  expected. 

Q.  Why  will  there  he  no  bain,  if  the  aib 
be  very  dry  ? 

A.  Because  dry  air  will  absorb  moist- 
ure, and  not  part  with  it  in  rain. 

Q.  Why  will  there  he  no  bain  if  the  aib 
be  very  cold  ? 

A.  Because  it  is  so  much  condensed, 
that  it  has  already  parted  with  as  much 
moisture  as  it  can  spare. 

Q.  What  is  the  4<th  special  bule  with 
regard  to  the  barometer  ? 

A.  When  the  barometer  stands  very 
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low  indeed,  there  will  never  be  much 
rain ; although  a fine  day  will  seldom 
occur  at  such  times. 

Q.  What  hind  of  weather  is  there  likely 
to  he , when  the  barometer  is  unusually  low  ? 

A.  Short  heavy  showers,  with  sudden 
squalls  of  ivind  from  the  west. 

Q.  Why  will  there  he  veex  little  bain  if 
the  barometer  is  unusually  low  ? 

A.  Because  the  air  must  be  very 
warm,  or  very  moist,  or  perhaps  both. 

Q.  Why  will  there  he  little  or  no  rain,  if 
the  aie  is  very  wabm  t ' 

A.  Because  warm  air  has  a tendency 
to  imbibe  more  moisture,  and  not  to  part 
with  what  it  has. 

Q.  Why  will  there  he  little  or  no  rain,  if  the 
air  he  very  moist,  and  the  barometer  very  low  ? 

A.  Because  rain  will  never  fall  (even 
tho’  the  air  he  saturated)  till  cold  air  has 
been  introduced  to  condense  the  vapour: 
And,  as  soon  as  cold  air  has  been  intro- 
duced, the  barometer  will  rise  instantly. 

Q.  Name  the  5th  special  eule  with 
regard  to  the  barometer. 

A.  In  summer-time  (after  a long 


BAROMETER. 


841 


continuance  of  fair  weather)  the  barom- 
eter will  fall  gradually  for  2 or  3 days 
before  rain  comes  : But  if  the  fall  of  the 
mercury  is  very  sadden,  a thunder-storm, 
may  be  expected. 

Q.  What  is  the  Qth  special  rule  with 
regard  to  the  barometer  ? 

A.  When  the  sky  is  cloudless,  and 
seems  to  promise  fair  weather, — if  the 
barometer  is  low,  the  face  of  the  sky  will 
soon  be  suddenly  overcast. 

Q.  What  is  the  7th  special  rule  with 
regard  to  the  barometer  ? 

A.  Dark  dense  clouds  will  pass  over 
without  rain,  when  the  barometer  is 
high : but  if  the  barometer  be  low,  it 
will  often  rain  without  any  appearance  of 
clouds. 

Q.  What  is  the  8th  special  rule  with 
regard  to  the  barometer  ? 

A.  The  higher  the  barometer,  the 
greater  the  probability  of  fair  iveather. 

Q.  Why  is  the  barometer  high  in  fine 
weather  ? 

A.  Because  the  air  in  fine  weather 
contains  very  little  vapour.  And  the  drier 
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the  air,  the  higher  does  the  mercury  of 
the  barometer  rise. 

Q.  What  is  the  9th  special  bule  with 
regard  to  the  barometer  ? 

A.  When  the  mercury  is  in  a rising 
state,  fine  weather  is  at  hand : But  when 
the  mercury  is  in  a sinhing  state,  foul 
weather  is  near. 

Q.  Why  does  the  mercury  bise  at  the  ap- 
proach of  FINE  weather  ? 

A.  Because  the  air  is  becoming 

more  dry ; and,  therefore,  its  pressure  is 

increased. 

Q.  Why  does  the  mercury  sink  at  the  ap- 
proach of  foul  weather  ? 

A.  Because  the  air  is  laden  with 

vapour,  or  disturbed  by  wind. 

Q.  Why  does  vapouk  in  the  air  make  the 
mercury  sink? 

A Because  vaporized  air  is  lighter 
than  dry  air;  and  its  pressure  on  the 
barometer  less. 

Q.  What  is  the  10 th  special  bule  with 
regard  to  the  barometer  ? 

A.  If  (in  frosty  weather)  it  begins  to 
snow,  the  barometer  generally  rises  to 
30 ; where  it  remains,  so  long  as  the 
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snow  continues  to  fall : If,  after  this,  the 
weather  clears  up,  you  may  expect  very 
severe  cold. 

Q.  How  can  you  Jcnow,  if  the  meecttey  of 
the  barometer  be  eising  ? 

A.  When  the  top  of  the  column  is 
convex,  (i.e.  higher  in  the  middle  than 
at  the  sides),  the  mercury  is  in  a rising 

state. 

Q.  How  can  you  tell  if  the  meecgey  of 
the  barometer  be  falling? 

A.  When  the  top  of  the  column  is 
concave  (i.  e.  hollow  in  the  middle),  the 
mercury  is  in  a falling  state. 

Q.  Why  is  the  mercury  convex,  when  it  is 

EISING  ? 

A.  Because  the  parts  of  the  mercury 
in  contact  with  the  tube  are  delayed  by 
the  capillary  attraction  of  the  glass ; in 
consequence  of  which,  the  middle  part 
rises  faster  than  the  sides ; and  the 
surface  is  convex. 

Q.  Why  is  the  mercury  concave,  when  it 
is  FALLING  ? 

A.  Because  the  parts  of  the  mercury 
in  contact  with  the  tube  are  delayed  by 
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capillary  attraction;  in  consequence  of 
which,  the  middle  part  sinks  faster  than 
the  sides ; and  the  surface  is  concave. 

Q.  What  effect  does  a thunder-storm  pro- 
duce on  the  weather  ? 

A.  It  is  generally  preceded  by  hot 
weather,  and  followed  by  cold  showery 
weather. 

Q.  What  effect  does  a sudden  change  of 
temperature  produce  on  the  weather  ? 

A.  A great  and  sudden  change 
(either  from  hot  to  cold,  or  from  cold  to 
not)  is  generally  followed  by  rain  within 
24  hours. 

Q.  Why  is  a sudden  change  from  hot  to 
COLD  followed  by  rain  ? 

A.  Because  cold  condenses  the  air : 
and  some  of  its  vapour  is  given  off  in  rain. 

Q.  Why  is  a sudden  change  from  cold  to 
hot  follo  wed  by  rain  ? 

A.  Because  the  air  is  quickly  satura- 
ted with  moisture : but  when  night  comes 
on,  and  chills  the  temperature,  some  of 
the  abundant  moisture  is  given  off  in 
rain. 
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Q.  Why  is  the  air  quickly  saturated  with 
moisture,  when  heat  rapidly  succeeds  to  cold  ? 

A.  Because  the  evaporation  (which 
was  checked  by  the  cold)  is  carried  on 
very  rapidly  in  consequence  of  the  in- 
crease of  temperature. 

Q.  When  does  the  barometer  vary  most  ? 

A.  In  winter  time. 

Q.  Why  does  the  barometer  vary  more  in 
winter,  than  in  summer  time  ? 

A.  Because  the  difference  of  temper- 
ature between  the  torrid  and  temperate 
zones  is  much  greater  in  winter  than  in 
summer;  and  produces  a greater  distur- 
bance in  the  state  of  the  air. 

Q.  When  does  the  barometer  vary  least  ? 

A.  In  summer  time. 

Q.  Why  does  the  barometer  vary  less  in 
summer,  than  in  winter  ? 

A.  Because  the  temperature  of  our 
island  in  summer  is  more  nearly  equal 
to  that  of  the  torrid  zone,  and  its  state 
is  not  so  much  disturbed  by  interchange 
of  currents. 

Q.  Have  heat  and  COLD  any  effect  on  the 
barometer  ? 
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A.  No,  not  of  themselves ; but  as  cold 
weather  is  generally  dry,  or  accompanied 
with  north-east  winds,  therefore  the  mer- 
cury rises  in  cold  weather  : And  as  warm 
weather  is  generally  moist,  and  accom- 
panied by  south-west  winds,  therefore 
the  mercury  sinks  in  warm  weather. 

Q.  Why  is  the  mercury  of  a barometer 
lower  in  the  torrid,  than  in  the  erioid  zone  ? 

A.  Because  the  warm  air  of  the  torrid 
zone  contains  much  more  vapour,  than 
the  condensed  air  of  the  frigid  zone  ; and 
the  moister  the  air,  the  less  is  its  pressure. 

Q.  In  what  months  is  the  barometer 

HIGHEST  ? 

A.  In  May  and  August ; then  in 
June,  March,  September,  and  April. 

Q.  In  what  months  is  the  barometer  lowest? 

A.  In  November  and  February: 
then  in  October,  July,  December,  and 
January. 

Q.  What  are  the  driest  months  ? 

A.  March  and  June  ; then  May  and 
August ; then  April  and  November. 

Q.  What  are  the  wettest  months  ? 

A.  October  and  February;  then 


BAROMETER. 


347 


July  and  September ; then  January  and 
December. 

Q.  Why  is  there  less  wet  from  Maech  to 
August,  than  there  is  from  August  to  March  ? 

A.  Because  the  heat  is  constantly 
increasing ; and  the  capacity  of  air  to 
absorb  and  retain  moisture  increases 
likewise. 

Q.  Why  is  there  moee  wet  from  August  to 
Maech,  than  from  March  to  August? 

A.  Because  the  heat  is  constantly 
decreasing : and  the  capacity  of  air  to 
retain  moisture  decreases  also ; so  that 
(although  it  often  rains)  yet  the  air  is 
always  on  the  point  of  saturation. 

Q.  What  does  a sudden  rise  or  fall  of  the 
barometer  indicate? 

A.  If  the  rise  be  sudden,  fine  weather 
will  not  continue  long. 

If  the  fall  be  sudden,  foul  weather 
will  not  continue  long. 

Q.  What  sort  of  weather  may  we  expect,  if 
the  barometer  is  very  jfluctuating  ? 

A.  If  the  mercury  fluctuates  much, 
the  weather  will  be  very  changeable  and 
unsettled. 


348 


BAROMETER. 


The  FALL  of  the  barometer. 

In  very  hot  weather,  the  fall  of  the  mercury  denotes  thunder  , 
otherwise,  the  sudden  falling  of  the  barometer  denotes  high 
wind. 

In  frosty  weather,  the  fall  of  the  barometer  denotes  thaw. 

If  ivet  weather  happens  soon  after  the  fall  of  the  barometer, 
expect  but  little  of  it. 

In  wet  weather,  if  the  barometer  falls,  expect  much  wet. 

In  fair  weather,  if  the  barometer  falls  and  remains  low, 
expect  much  wet  in  a few  days,  and  probably  wind. 

N.B.  The  barometer  sinks  lowest  of  all  for  wind  and  rain 
together ; next  to  that  for  wind,  (except  it  be  an  east  or  north- 
east wind.) 

The  BISE  of  the  barometer. 

In  winter , the  rise  of  the  barometer  presages  frost. 

In  frosty  weather,  the  rise  of  the  barometer  presages  snow. 

If  fair  weather  happens  soon  after  the  rise  of  the  barometer, 
expect  but  little  of  it. 

In  wet  weather,  if  the  mercury  rises  high  and  remains  so, 
expect  continued  fine  weather  in  a day  or  two. 

In  wet  weather,  if  the  mercury  rises  suddenly  very  high,  fine 
Weather  will  not  last  long. 

N.B.  The  barometer  rises  highest  of  all  for  north  and  east 
wind ; for  all  other  winds  it  sinks. 

The  barometer  UNSETTLED. 

If  the  motion  of  the  mercury  be  unsettled , expect  unsettled 
weather. 

If  it  stand  at  “much  rain”  and  rise  to  “ changeable,” 
expect  fair  weather  of  short  continuance. 

If  it  stand  at  “fair”  and  fall  to  “ changeable,”  expect 
foul  weather. 

N.B.  Its  motion  upwards , indicates  the  approach  of  fine 
weather ; its  motion  downwards , indicates  the  approach  of  foul 
weather 
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CHAPTER  XXIV. 


SNOW.  HAIL.  RAIN. 


Q.  Wliat  is  snow  ? 

A.  The  condensed  vapour  of  the  air 
frozen,  and  precipitated  to  the  earth. 

Q.  What  is  the  cause  of  snow  ? 

A.  When  the  air  is  nearly  saturated 
with  vapour,  and  condensed  by  a current 
of  air,  below  freezing  point,  some  of  the 
vapour  is  precipitated  in  a crystalline 
form  as  snow. 

A few  years  ago,  some  fishermen  (who  wintered  at  Nova-Zembla), 
after  they  had  been  shut  up  in  a hut  for  several  days,  opened  the 
window  ; and  the  cold  external  air  rushing  in,  instantly  condensed  the 
air  of  the  hut,  and  its  vapour  fell  on  the  floor  in  a shower  of  snow . 

Q.  Why  does  snow  fall  in  winter  time  ? 

A.  Because  the  sun’s  rays  are  too 
oblique  to  heat  the  surface  of  the  earth ; 
and  (as  the  earth  has  but  little  heat  to 
radiate  into  the  air)  the  air  is  very  cold. 

Q.  What  is  the  cause  of  sleet  ? 

A.  When  flakes  of  snow  (in  their 
descent)  pass  through  a bed  of  air  above 
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freezing  point,  they  partially  melt;  and 
fall  to  the  earth  as  half-melted  snow,  or 
sleet. 

Q.  What  is  the  ttse  of  snow  ? 

A.  To  keep  the  earth  warm,  and  to 
nourish  it. 

Q.  Why  does  snow  keep  the  earth  warm  ? 

A.  Because  it  is  a very  had  com 
ductor  ; in  consequence  of  which,  when 
the  earth  is  covered  with  snow,  its  tem- 
perature very  rarely  descends  below 
freezing  point,  even  when  the  air  is  15 
or  20  degrees  colder. 

Q.  Tell  me  the  words  of  the  Psalmist  (cxlvii. 
16)  respecting  snow  ; and  explain  what  he  means. 

A.  The  Psalmist  says — “ The  Lord 
giveth  snow  like  wool ; ” and  he  means 
not  only  that  snow  is  white  like  wool, 
but  that  it  is  also  warm  as  wool. 

Q.  Why  is  wool  warm  ? 

A.  Because  air  is  entangled  among 
the  fibres  of  the  wool : and  air  is  a very 
had  conductor. 

Q.  Why  is  snow  warm  ? 

A.  Because  air  is  entangled  among 
the  crystals  of  the  snow;  and  air  is  a 
very  bad  conductor. 
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Q.  Why  does  snow  nourish  the  earth  ? 

A.  Because  it  supplies  moisture  con- 
taining carbonic  acid ; wliich  penetrates 
slowly  into  the  soil,  and  insinuates  itself 
through  every  clod,  ridge,  and  furrow, 
when  the  snow  melts. 

Q.  Why  is  there  no  snow  in  summer  time  ? 

A.  Because  the  heat  of  the  earth  melts 
it  in  its  descent,  and  pre  '°.nts  it  from 
reaching  the  surface  of  the  earth. 

Q.  Why  are  some  mountains  always  cov- 
ered with  snow  ? 

A.  1st — Because  the  air  on  a high 
mountain  is  more  rarefied;  and  as  rare- 
fied air  retains  much  heat  in  a latent 
state,  it  abstracts  heat  from  adjacent 
bodies  more  rapidly  than  condensed  air 
would  : and 

2ndly — Mountain  tops  are  not  sur- 
rounded by  earth,  to  radiate  heat  into  the 
air : and,  therefore,  the  snow  is  not 
melted  in  its  descent,  but  falls  on  the 
mountain  and  lies  there. 

Q.  Why  is  snow  white  ? 

A.  Because  it  is  formed  of  an  infinite 
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number  of  very  minute  crystals  and 
prisms,  which  reflect  all  the  component 
rays  of  which  white  light  consists. 

The  same  answer  applies  to  salt,  loaf  sugar,  &c.  [See  p.  419.) 

Q.  What  is  hail  ? 

A.  Bain,  which  has  passed  in  its 
descent  through  a cold  bed  of  air,  and 
has  been  frozen  into  ice. 

Q.  What  makes  one  bed  of  air  colder  than 

another? 

A.  The  causes  are  not  perfectly 
known ; electrical  action  is  most  probably 
among  them. 

Q.  Why  is  hail  frequently  accompanied 
with  thunder  and  liohtning  ? 

A.  1st — Because  the  congelation  of 
water  into  hail,  disturbs  the  electricity 
of  the  air  : and 

2ndly — The  friction  (produced  by  the 
fall  of  hail)  may  possibly  excite  it  still 
more. 

Q.  Why  does  hail  fall  generally  in  summer 
and  autumn  ? 

A.  1st — Because  the  air  is  more 
highly  electrified  in  summer  and -autumn, 
than  in  winter  and  spring : and 
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Sndly — The  vapours  in  summer  and 
autumn  (being  rarefied)  ascend  to  more 
elevated  regions,  which  are  colder  than 
those  nearer  the  earth. 

Q.  What  two  things  are  essential  to  cause 
hail  ? 

A.  Two  strata  of  clouds  having 
opposite  electricities , and  tivo  currents  of 
wind.  The  loiver  cloud  containing  resin- 
ous electricity,  is  the  one  precipitated  in 
hail. 

Q.  What  is  bain  ? 

A.  The  vapour  of  the  clouds  or  air 
condensed,  and  precipitated  to  the  earth. 

Q.  When  is  the  vapour  of  the  air  or  clouds 
PEECiPiTATED  in  hail,  rain,  or  snow  ? 

A.  When  the  air  is  saturated  with 
vapour,  and  a cold  current  condenses  it,  it 
is  then  no  longer  able  to  hold  all  its  vapour 
in  solution,  and  some  of  it  falls  as  rain. 

Q.  Why  does  eain/«M  in  deops  ? 

A.  Because  the  vapoury  particles  in 
their  descent  attract  each  other;  and 
those  which  are  sufficiently  near,  unite, 
and  form  into  drops. 
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Q.  Why  does  not  the  cold  of  night 
always  cause  rain '( 

A.  Because  the  air  is  not  always 
near  saturation : And  unless  this  be  the 
lase,  it  will  be  able  to  hold  its  vapour 
in  solution,  even  after  it  has  been  con- 
densed by  the  chilly  night. 

Q.  Why  does  a passing  cloud  often  drop 

BAIN  ? 

A.  Because  it  comes  in  contact  with 
cold  air,  which  chills  it ; and  its  vapour 
being  condensed,  falls  to  the  earth  as 
rain. 

Q.  Why  are  bain-deops  sometimes  much 
Laegee,  than  at  othee  times  T 

A.  Because  the  rain-cloud  is  floating 
near  the  earth  ; when  this  is  the  case,  the 
drops  are  large,  because  such  a cloud  is 
much  more  dense,  than  one  more  elevated. 

The  size  of  the  rain-drop  is  also  increased,  according  to  the 
rapidity  with  which  the  vapours  are  condensed. 

Q.  Does  not  wind  sometimes  increase  the 
size  of  rain-drops  ? 

A.  Yes;  by  blowing  two  or  more 
drops  into  one. 

Q.  Why  do  clouds  fall  in  eaint  weather  t 
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a.  1st — Because  they  are  heavy  with 

abundant  vapour : and 

2ndly — The  density  of  the  air  being 
diminished,  is  less  able  to  buoy  the  clouds 
up. 

Q.  How  do  you  know,  that  the  density  of 
the  air  is  diminished  in  eainy  weather  ? 

A.  Because  the  mercury  of  a barom- 
eter falls. 

Q.  Why  is  bain-wateb  more  eebtilizih g, 
than  pump  -water  ? 

A.  1st — Because  it  contains  more 
carbonic  acid:  and 

2nclly — It  contains  a small  quantity 
of  ammonia,  with  which  it  supplies  the 
young  plants. 

Q.  Why  does  bain  purify  the  aib  ? 

A.  1st — Because  it  dissolves  the  nox- 
ious exhalations  collected  in  the  air  as  it 
falls. 

2ndly — It  mixes  the  air  of  the  upper 
regions  with  that  of  the  lower  regions: 
and 

3rdly — It  washes  the  earth,  and  sets  in 
motion  the  stagnant  contents  of  sewers 
and  ditches. 
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Q.  Why  are  mountainous  countries  more 
rainy,  than  flat  ones  ? 

A Because  the  air  (striking  against 
the  sides  of  the  mountains)  is  carried  up 
the  inclined  plane,  and  brought  in  contact 
with  the  cold  air  of  the  higher  regions : 
in  consequence  of  which,  its  vapour  is 
condensed,  and  deposited  in  rain. 

Q.  Why  does  a sponge  swell,  when  it  is 

WETTED  ? 

A.  Because  the  water  penetrates  the 
pores  of  the  sponge  by  capillary  attraction, 
and  drives  the  particles  further  from  each 
other  : in  consequence  of  which,  the  hulk 
of  the  sponge  is  greatly  increased. 

Q.  Why  do  eiddle -strings  snap  in  wet 
weather  ? 

A.  Because  the  moisture  of  the  air 
(penetrating  the  strings)  causes  them  to 
swell ; and  (as  the  cords  thicken ) their 
tension  is  increased,  and  the  strings  snap. 

Q.  Why  does  paper  ptjcker,  when  it  is 

WETTED  ? 

A.  Because  the  moisture  is  absorbed 
unequally  by  the  paper,  and  some  parts 
are  more  enlarged  than  others  : in  con- 
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sequence  of  which,  the  paper  blisters  or 
puckers. 

Q.  Why  do  the  weather-toys  ( called  cap'tt- 
CHINs)  lift  a cowl  over  the  figures  in  wet  weather, 
and  remove  it  in  dry  ? 

A.  Because  the  cowl  of  the  cap'uchin 
is  attached  to  a piece  of  cat-gut  in  such 
a manner,  that  when  the  cat-gut  is 
shortened  by  moisture , it  pulls  the  cowl 
up  : but  in  dry  weather  the  string  is 
loosened,  and  the  cowl  falls  down  by  its 
own  weight. 

Q.  In  another  weather  toy,  the  man  comes 
out  in  wet  weather,  and  the  lady  in  fine  ; Why 
is  this  ? 

A.  Because  the  two  figures  are  at- 
tached to  a piece  of  cat-gut  in  such  a 
manner,  that  when  the  cat-gut  is  moist 
it  twists  the  man  out;  but  when  it  is 
loosened,  the  figures  turn  in  the  opposite 
direction. 

Q.  Why  are  wet  stockings  difficult  to 

PULL  ON  ? 

A.  1st — Because  the  moisture  pene- 
trates the  threads  of  the  stockings,  and 
causes  them  to  shrink  in  size : and 
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2ndly — Because  the  moisture  causes 
the  stockings  to  adhere  to  our  feet. 

Q.  Which  are  the  most  rainy  towns  in 
England  ? 

A.  Keswick  (in  Cumberland) : and 
then  Kendal,  (a  market  town  in  West- 
moreland.) 

In  Keswick,  about  63  inches  of  rain  fall  in  a year.  In  Kenda\, 
58  ; Manchester,  38  ; Liverpool,  34 ; Dublin  and  Cambridge,  25 ; 
Lincoln,  24  ; London,  21  ; and  in  Paris  only  18. 

Q.  In  which  p art  of  the  day  does  the  most 

RAIN  fall  ? 

A.  More  rain  falls  by  night,  than  by 
day ; because  the  cold  night  condenses 
the  air ; and  diminishes  its  capacity  for 
holding  vapour  in  solution. 

Q.  Does  more  rain  fall  in  summer  or  in 
Winter  ? 

A.  There  are  more  rainy  days  from 
September  to  March : but  heavier  rains 
between  March  and  September. 

Q.  Why  are  there  more  rainy  days  from 
September  to  March , than  from  March  to  Sep- 
tember ? 

A.  Because  the  temperature  of  the 
air  is  constantly  decreasing ; and  as  its  ca- 
pacity for  holding  vapour  decreases  also, 
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it  is  frequently  obliged  to  part  with 
some  of  its  vapour  in  rain. 

Q.  In  what  part  of  the  world  does  rain 

fall  MOST  ABUNDANTLY  ? 

A.  Near  the  equator ; and  the  quan- 
tity of  rain  decreases  as  we  approach  the 
■poles. 

There  are  fewer  rainy  days,  altho’  more  rain  actually  falls  during- 
the  wet  season  of  the  equator — than  falls  in  twelve  months  at  any 
other  part  of  the  globe. 
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WATER. 


Q.  Of  what  is  water  composed? 

A.  Of  two  gases,  oxygen  and  hydro- 
gen. 

In  9 lbs.  of  water — 8 are  oxygen,  and  one  is  hydrogen. 

Q.  Why  is  WATEB  FLUID  ? 

A.  Because  its  particles  are  kept 
separate  by  latent  heat : When  a cer- 
tain quantity  of  this  latent  heat  is  driven 
out,  water  becomes  mad,  and  is  called  ice. 

By  increasing  its  latent  heat , the  particles  of  water  are  again 
subdivided  into  invisible  steam . 


S60 


WATER. 


Q.  Why  is  pump  water  called  “ hard  water  V' 

A.  Because  it  is  laden  with  foreign 
matters,  and  will  not  readily  dissolve 
substances  immersed  in  it. 

Q.  What  makes  pump  -water  hard  ? 

A.  When  it  filters  through  the  earth 
it  becomes  impregnated  with  the  sulphate 
and  carbonate  of  lime,  as  well  as  with 
many  other  principles  derived  from  the 
earths  and  minerals  with  which  it  comes 
in  contact. 

Q.  What  is  the  cause  of  mineral  springs  ? 

A.  When  water  trickles  through  the 
ground,  it  dissolves  some  of  the  substan- 
ces with  which  it  comes  in  contact : if 
the  substances  are  metallic,  the  water 
will  partake  of  their  mineral  character. 

Some  water  is  imbued  with  lime;  some  with  salt , &c.,  &c. 

Q.  Why  is  it  difficult  to  wash  our  hands 
clean  with  hard  water  ? 

A.  Because  the  soda  of  the  soap 
combines  with  the  sulphuric  acid  of  the 
salts  of  hard  water, — and  the  oil  of  the 
soap  with  the  lime — and  floats  in  flakes 
on  the  top  of  the  water. 

N.B. —Sulphate  of  lime  consists  of  sulphuric  acid  and  lime. 
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Q.  Why  is  it  difficult  to  wash  in  salt 

WATER  ? 

A.  Because  it  contains  saline  matters, 
which  deprive  the  water  of  a portion  of 
its  solvent  power. 

Q.  What  is  the  cause  of  petrifactions  ? 

A.  While  water  flows  underground 
its  impurities  are  held  in  solution  by  the 
presence  of  carbonic  acid ; but  wher 
the  stream  reaches  the  open  air,  its  car- 
bonic acid  escapes,  and  these  impurities 
are  precipitated  on  various  substances 
lying  in  the  course  of  the  stream. 

These  impurities  are  especially  carbonate  of  lime  and  iron. 

Q.  Why  does  a black  hat  turn  bed  at  the 

SEA  SIDE  ? 

A.  Because  chloride  of  iron  is  formed 
by  chemical  action,  between  the  compo- 
nents of  iron  and  the  chlorine  existing  in 
the  dye  and  sea  air ; the  chloride  of  iron 
afterwards  decomposes,  and  forms  perox- 
ide of  iron,  which  causes  the  rusty  hue. 

Q.  Of  what  is  soap  made  ? 

A.  Of  kelp  (or  the  ashes  of  sea-weed 
dried  and  burnt  in  a pit)  mixed  with  oil 
or  fat. 

Yellow  Soap  is  made  of  whale-oil,  soda,  and  resin.  Sorr  8oap 
of  oil  and  potaab-  Haem  Soap  of  oil  and  soda.  I a 
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Q.  Why  does  water  clean  dirty  linen  ? 

A.  Because  it  dissolves  the  stains,  as 
it  would  dissolve  salt. 

Q.  Why  does  soap  greatly  increase  the 
cleansing  power  of  water  ? 

A.  Because  many  stains  are  of  a 
greasy  nature ; and  soap  has  the  power 
of  uniting  with  greasy  matters,  and 
rendering  them  soluble  in  water. 

Q.  Why  is  rain  water  soft  ? 

A.  Because  it  is  not  impregnated 
with  earths  and  minerals. 

Q.  Why  is  it  more  east  to  wash  with  soft 
water , than  with  hard  ? 

A.  Because  soft  water  unites  freely 
with  soap,  and  dissolves  it;  instead  of 
decomposing  it,  as  hard  water  does. 

Q.  Why  do  wood  ashes  make  hard  water 
soft  ? 

A.  1st — A double  decomposition 
takes  place : the  carbonate  of  potassa 
in  the  ashes,  and  the  sulphate  of  lime  in 
the  water  unite,  and  form  into  sulphate 
of  potassa  and  carbonate  of  lime. 

2ndly — Wood  ashes  convert  some  of 
the  soluble  salts  of  water  into  insoluble, 
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and  throw  them  down  as  a sediment: 
by  which  means  the  water  is  rendered 
more  pure. 

Q.  Why  has  "RMS-water  such  an  unpleasant 
smell,  when  collected  in  a tub  or  tank  ? 

A.  Because  it  is  impregnated  with 
decomposed  organic  matters,  washed  from 
roofs,  trees,  or  the  casks  in  which  it  is 
collected. 

Q.  Why  does  water  melt  sugar  and  salt  ? 

A.  Because  very  minute  particles  of 
water  insinuate  themselves  into  the  pores 
of  the  sugar,  by  capillary  attraction  : and 
unite  with  the  minute  atoms  of  the 
sugar. 

Q.  Why  does  melted  sugar  or  salt  give  a 
flayoue  to  water  ? 

A.  Because  the  sugar  or  salt  (being 
disunited  into  very  minute  particles) 
floats  about  the  water,  and  mixes  with  it 
intimately. 

Q.  Why  does  hot  water  melt  sugar  and  salt 
quicker  than  cold  water  ? 

A.  Because  the  heat  (entering  the 
pores  of  the  sugar  or  salt)  opens  a passage 
for  the  water. 


364 


WATER. 


Q.  Why  is  S'EA.-wciter  brackish  ? 

A.  Because  it  holds  in  solution  a 
quantity  of  saline  matter,  of  which  com- 
mon salt  is  the  principal  ingredient. 

According'  to  a recent  analysis,  1000  grains  of  sea-water  from  the 
British  Channel  contained  27  grains  of  common  salt,  and  about  8 
grains  of  other  saline  matter. 

Q.  Why  is  not  eain -water  salt,  although 
most  of  it  is  evaporated  from  the  sea  ? 

A.  Because  saline  matter  will  not 
evaporate:  and,  therefore,  when  sea- 
water is  turned  into  vapour,  its  salt  is 
left  behind. 

Q.  Why  does  stagnant  water  putrefy  ? 

A.  Because  leaves,  plants,  insects, 
&c.,  are  decomposed  in  it. 

Q.  Why  is  stagnant  waterfall  of  worms, 
insects,  Sfc.  ? 

A.  Because  numberless  insects  lay 
their  eggs  in  the  leaves  and  plants  float- 
ing on  the  surface  ; these  eggs  are  soon 
hatched,  and  produce  swarms  of  worms 
and  insects. 

Q.  Why  is  flowing  water  free  from 
impurities  ? 

A.  Because  its  currents  carry  away 
all  contaminating  substances  to  the  sea, 
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as  fast  as  they  appear  in  it ; and  there 
they  are  diffused  through  so  large  a mass 
of  fluid,  that  they  become  inappreciable. 

Q.  Why  does  eunning  water  oscillate  and 
whirl  in  its  current  ? 

A.  1st — Because  it  strikes  against 
the  banks,  and  is  perpetually  diverted 
from  its  forward  motion  : and 

Sndly — Because  the  centre  of  a river 
flows  faster  than  its  sides. 

Q.  Why  do  the  sides  of  a river  flow  more 
tardily  than  its  centre  ? 

A.  Because  they  rub  against  the 
banks,  and  are  delayed  in  their  current 
by  friction. 

Q.  Why  does  soapy  water  bubble  ? 

A.  Because  soap  makes  water  tena- 
cious ; and  prevents  the  bubbles  from 
bursting,  as  soon  as  they  are  formed. 

Q.  Why  will  not  water  huhlle  without  soap? 

A.  Because  it  is  not  tenacious  enough 
to  hold  together  the  bubbles  that  are 
formed. 

Q.  When  soap-bubbles  are  Mown  from  a 
pipe,  why  do  they  ascend  ? 

A.  Because  they  are  filled  with  the 
warm  breath , which  is  lighter  than  air 
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ICE. 


Q What  is  ice  ? 

A.  Frozen  water.  When  the  tem- 
perature of  the  air  is  reduced  to  39 
degrees,  water  will  no  longer  remain  in 
a fluid  state. 

Q.  Why  is  solid  ice  lighter  than  water? 

A.  Because  water  expands  by  freez- 
ing: and  as  its  bulk  is  increased,  its 
gravity  must  be  less. 

Nine  cubic  inches  of  water  become  ten  when  frozen. 

Q.  Why  do  ewers  break  in  a frosty 

NIGHT  ? 

A.  Because  the  water  in  them  freezes  ; 
and  ( expanding  by  frost)  bursts  the  ewers 
to  make  room  for  its  increased  volume. 

Q.  Why  does  it  not  expand  upwards  (like 
toiling  water)  and  run  over  ? 

A.  Because  the  surface  is  frozen  first; 
and  the  frozen  surface  acts  as  a plug, 
which  is  more  difficult  to  burst,  than  the 
earthen  ewer  itself. 
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Q.  Why  do  tiles,  stones,  and  bocks,  often 
split  in  winter  ? 

A.  Because  the  moisture  in  them 
freezes]  and  (expanding  by  frost)  splits 
the  solid  mass. 

Q.  In  winter-time , poot-mabks  and  wtieel- 
kuts  are  often  covered  with  an  icy  net-work, 
through  the  interstices  of  which  the  soil  is  clearly 
seen , — Why  does  the  water  freeze  in  net-work? 

A.  Because  it  freezes  first  at  the 
sides  of  the  foot-prints : other  crystals 
gradually  shoot  across,  and  would  cover 
the  whole  surface,  if  the  earth  did  not 
absorb  the  water,  before  it  had  time  to 
freeze. 

Q.  In  winter  time,  these  foot-marks  and 
wiieel-buts  are  sometimes  covered  with  a perfect 
sheet  of  ice , and  not  an  icy  net-work, — Why  is 
this  ? 

A.  Because  the  air  is  colder,  and  the 
earth  harder,  than  in  the  former  case ; in 
consequence  of  which,  the  entire  surface 
of  the  foot-print  is  frozen  over,  before  the 
earth  has  had  time  to  absorb  the  water. 

Q.  Why  is  not  the  ice  solid  in  these  ruts  ? 
— Why  is  there  only  a very  thin  film  or  net- 
work of  ice  ? 
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A.  Because  the  earth  absorbs  most  of 
the  water,  and  leaves  only  the  icy  film 
behind. 

Q.  Why  do  w ate  k-plpe s frequen t ly  bttest 

in  niosTY  weather  ? 

A.  Because  the  water  in  them  freezes  ; 
and  ( expanding  by  frost ) bursts  the  pipes 
to  make  room  for  its  increased  volume. 

Q.  Does  not  water  expand  by  heat,  as  well 
as  by  cole  ? 

A.  Yes  ; it  expands  as  soon  as  it  is 
more  than  40  degrees,  till  it  boils  ; after 
which  time  it  flies  off  in  steam. 

Freezing  water,  32°.  212°  Boiling  water. 


Here  A B measures  the  bulk  of  a portion  of  water  at  40  degrees. 
It  goes  on  increasing  in  bulk  to  C D,  when  it  boils. 

It  also  goes  on  increasing  in  bulk  to  E F,  when  it  freezes. 

Q.  When  does  wateb  begin  to  expane/tcw 
cold  ? 

A.  When  it  is  reduced  to  40  degrees. 
It  is  wisely  ordained  by  God  that  water 
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shall  be  an  exception  to  a very  general 
rule,  it  contracts  till  it  is  reduced  to  40 
degrees,  and  then  it  expands  till  it  freezes. 

The  general  rule  is  this — That  cold  condenses  and  contracts  the 
volume  of  nearly  every  thing ; but  water  is  not  contracted  by  cold 
after  it  has  reached  40  degrees. 

Q.  W ht  does  water  expand  when  it  f reezes  ? 

A.  Because  it  is  converted  into  solid 
crystals,  which  do  not  fit  so  closely  as  the 
particles  of  water  did. 

Q.  Why  is  the  bottom  of  a river  seldom 

FROZEN  ? 

A.  Because  water,  when  it  becomes 
colder  than  40  degrees,  ascends  to  the 
surface ; and  (if  it  freezes)  floats  there, 
till  it  is  melted. 

Q.  Show  the  wisdom  of  God  in  this  won- 
derful exception  to  a general  law. 

A.  If  ice  were  heavier  than  ivater,  it 
would  sink ; and  a river  would  soon 
become  a solid  block  of  ice,  which  could 
never  be  dissolved. 

Q.  Why  does  not  ice  on  the  surface  of  a 
river  chill  the  water  beneath,  and  freeze  it  ? 

A.  1st — Because  water  is  a very  bad 
conductor,  and  is  heated  or  chilled  by 
convection  only : and 
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Sndly — The  ice  on  the  surface  acts  as ' 
a shield,  to  prevent  cold  air  from  penetra- 
ting through  the  river,  to  freeze  the  water 
below  the  surface. 

Q.  Why  does  water  freeze  at  the  site- 
face  first  ? 

A.  Because  the  surface  is  in  contact 
with  the  air,  and  the  air  carries  away  its 
heat. 

Q.  Why  does  the  coat  of  ice  grow  thicker 
and  thicker,  if  the  frost  continues  ? 

A.  Because  the  heat  of  the  water 
(immediately  below  the  frozen  surface) 
passes  through  the  pores  of  the  ice  into  the 
cold  air. 

Q.  Why  are  not  whole  rivers  frozen 
(layer  by  layer),  till  they  become  solid  ice  ? 

A.  Because  water  is  so  slow  a con- 
ductor, that  our  frosts  never  continue 
long  enough  to  convert  a whole  river  into 
a solid  mass  of  ice. 

Q.  Why  does  not  running  water  freeze  so 
fast  as  still  water  ? 

A.  Because  the  rapid  motion  of  the 
current  prevents  the  crystals  from  form- 
ing into  a continuous  surface. 
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Q.  When  running  water  is  frozen,  why 
is  the  ice  generally  very  eough  ? 

A.  Because  little  flakes  of  ice  are 
first  formed  and  carried  down  tlie  stream, 
till  they  meet  some  obstacle  to  stop  them; 
then  other  flakes  of  ice  (impinging  against 
them)  are  arrested  in  like  manner : and 
the  edges  of  the  different  flakes  overlap- 
ing  each  other,  make  the  surface  rough. 

Q.  Why  do  some  parts  of  a river  freeze 
less  than  others  ? 

A.  Because  springs  issue  from  the 
bottom ; and,  bubbling  upwards,  thaw 
the  ice,  or  make  it  thin. 

Q.  When  persons  fall  into  a river  in  winter, 
why  does  the  water  yeeZ  comparatively  waem  ? 

A.  Because  the  frosty  air  is  at  least 
10  or  12  degrees  colder  than  the  water. 

The  frozen  river  below  its  surface  is  at  least  40 1> ; but  the  air  32®, 
or  even  less. 

Q.  Why  is  shallow  water  frozen  more 
quickly  than  deep  water  ? 

A.  Because  the  whole  volume  of  water 
must  be  cooled  to  40  degrees,  before  its 
surface  can  be  frozen : and  it  takes  a 
longer  time  to  cool  down  a deep  bed  of 
water,  than  a shallow  one. 

Q.  Why  is  sea- water  barely  frozen  ? 
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A.  1st — Because  the  mass  of  water 
is  so  great,  that  it  requires  a very  long 
time  to  cocl  the  whole  volume  down  to 
40  degrees  : 

2ndly — The  ebb  and  flow  of  the  sea 
interfere  with  the  cooling  influence  of 
the  air:  and 

3rdly — Salt  water  never  freezes,  till 
the  surface  is  cooled  down  4 or  5 degrees 
below  the  freezing  point  of  fresh  water. 

Q.  Why  do  some  lakes  babely  ( if  ever ) 
FBEEZE  ? 

A.  1st — Because  they  are  very  deep : 
and 

2ndly — Because  their  water  is  supplied 
by  springs,  which  bubble  from  the  bottom. 

Q.  Why  does  the  depth  of  water  ketabd 
its  freezing  ? 

A.  Because  the  whole  volume  of  water 
must  be  reduced  to  40  degrees,  before 
the  surface  will  freeze : and  the  deeper 
the  water,  the  longer  it  will  be  before  the 
whole  volume  is  thus  reduced. 

Q.  Why  do  spbings  at  the  bottom  of  a lake 
PBEYENT  its  freezing  ? 

A.  Because  they  continually  send 
forth  fresh  water , which  prevents  the  lake 
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from  being  reduced  to  the  necessary 
degree  of  coldness. 

Q.  It  is  coldee  in  a thaw  than  in  a feost. 
"Explain  the  reason  of  this. 

A.  When  frozen  water  is  thawed,  it 
absorbs  heat  from  the  air,  &c.,  to  melt 
the  ice : in  consequence  of  which,  the 
heat  of  the  air  is  greatly  reduced. 

Q.  It  is  warmer  in  a erost  than  in  a 
thaw.  Explain  the  reason  of  this . 

A.  When  water  freezes,  it  gives  out 
latent  heat ; and  as  much  heat  is  libera- 
ted from  the  water  into  the  atmosphere, 
the  air  feels  warmer.  (See  N.  B.  p. 
32.) 

Q.  Salt  dissolves  ice.  Explain  the  reason 
of  this . 

A.  Water  freezes  at  32°,  but  salt  and 
water  will  not  freeze  till  the  air  is  4 or  5 
degrees  colder  ; if,  therefore,  salt  he  added 
to  frozen  water,  it  dissolves  the  ice. 

Q.  Will  anything  dissolve  ice  besides 

BALT  ? 

A.  Yes  ; any  acid,  such  as  sulphuric 
acid,  nitric  acid,  &c. 

Anything-  which  has  a very  strong  affinity  for  wrater  will  liquefy  ice. 
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Q.  Why  is  a mixture  of  salt  and  snott 
colder  than  snow  itself  ? 

A.  Because  salt  dissolves  the  crystals 
of  snow  into  a fluid : And  whenever  a 
solid  is  converted  into  a fluid,  heat  is  ab- 
sorbed, and  the  cold  made  more  intense. 

Q.  Why  does  frost  make  the  earth  crack  ? 

A.  Because  the  water  absorbed  in 
warm  weather,  expanding  by  the  frost, 
thrusts  the  particles  of  earth  apart  from 
each  other,  and  leaves  a chink  or  crack 
between. 

Q.  Shew  the  wisdom  of  God  in  this  ar- 
rangement. 

A.  These  cracks  in  the  earth  let  in 
air,  dew,  rain,  and  many  gases  favourable 
to  vegetation. 

Q.  Why  does  the  earth  crumble  in  spring  ? 

A.  Because  the  ice  of  the  clods 
dissolves ; and  the  particles  of  earth 
(thrust  apart  by  the  frost)  being  left 
unsupported,  tumble  into  minute  parts, 
as  soon  as  their  cement  of  ice  is  dissolved. 

Q.  Why  does  mortar  crumble  away  in 
erost  ? 

A.  Because  it  waa  not  dried  in  the 
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warm,  weather : therefore,  its  moisture 
freezes,  expands,  and  thrusts  the  particles 
away  from  each  other;  but  when  the 
frost  breaks  up,  the  ivater  condenses,  and 
leaves  the  mortar  full  of  cracks  and  chinks. 

Q.  Why  does  stucco  be  el /row  a wall  in 
Fbosty  weather  ? 

A.  Because  the  stucco  was  not  dried 
in  the  ivarm  weather  ; therefore,  its  mois- 
ture freezes,  expands,  and  thrusts  the 
particles  away  from  the  wall : but,  as 
soon  as  the  water  condenses  again  from 
a thaw,  the  stucco  (being  unsupported) 
falls  by  its  own  iveight. 

Q.  Why  cannot  bbicklayees  and  plasteb- 
Ebs  work  in  frosty  weather? 

A.  Because  frost  expands  mortar, 
and  causes  the  bricks  and  plaster  to 
start  from  their  position. 

Q.  Why  do  bbicklayees  cover  their  work 
with  steaw  in  spring  and  autumn  ? 

A.  Because  straw  is  a non-conductor, 
and  prevents  the  mortar  of  their  new 
work  from  freezing,  during  the  cold 

nights  of  spring  and  autumn. 
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Q.  Why  are  water-pipes  often  covered 
with  straw  in  winter-time? 

A.  Because  straw  (being  a non-con- 
ductor)  prevents  the  water  of  the  pipes 
from  freezing,  and  bursting  the  pipes. 

Q.  Why  are  delicate  trees  covered  with 

STRAW  in  WINTER  ? 

A.  Because  straw  (being  a non-con- 
ductor)  prevents  the  sap  of  the  tree  from 
being  frozen. 

Q.  Can  water  be  frozen  in  any  way  be- 
sides by  frosty  weather  ? 

A.  Yes;  in  very  many  ways.  For 
example — a bottle  of  water  wrapped  in 
cotton,  and  frequently  wetted  with  ether , 
will  soon  freeze. 

Q.  Why  would  water  freeze  if  a bottle 
were  kept  constantly  wetted  with  ether  ? 

A.  Because  evaporation  would  carry 
off  the  heat  of  the  wate’.,  and  reduce  it 
to  freezing  point. 

Q.  Why  does  water  freeze  under  the  re- 
ceiver of  an  air  pump,  when  ether  is  present 
and  the  air  exhausted  ? 

A.  Because  evaporation  isvery  greatly 
increased  by  the  diminution  of  atmospheric 
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pressure ; and  the  ether  evaporating  very 
rapidly,  produces  sufficient  cold  to  freeze 
the  water. 


FREEZING  MIXTURES. 

1.  If  nitre  be  dissolved  in  water,  the  heat  .of  the  liquid  will  be 
reduced  1G  degrees. 

2.  If  5 oz.  of  nitre,  and  5 of  sal-ammoniac  (both  finely  powdered) 
be  dissolved  in  19  oz.  of  water,  the  heat  of  the  liquid  will  be  reduced 
40  degrees. 

3.  If  3 lbs.  of  snow  be  added  to  1 lb.  of  salt,  the  mixture  will  fall 
to  0**  (or  32  degrees  below  freezing  point) . 

The  two  following  are  the  coldest  mixtures  yet  known  : — 

1.  Mix  3 lbs.  of  muriate  of  lime  with  1 lb.  of  snow. 

2.  Mix  5 lbs.  of  diluted  sulphuric  acid  with  4 lbs.  of  snow. 

Ice  may  be  made  in  a red-hot  vessel  thus.  Ileat  a platinum  vessel 
red-hot,  pour  into  it  a little  water — then  some  liquid  sulphurous 
acid  : turn  the  vessel  over,  and  ice  will  come  out.  The  reason  is 
this,  the  sulphurous  acid  so  suddenly  evaporates  from  the  heat  of 
the  vessel,  that  the  water  is  frozen. 

Q.  Why  is  it  more  easy  to  swim  in  the 
sea,  than  in  a riyer  ? 

A.  Because  the  specific  gravity  of 
salt  water  is  greater,  than  that  of  fresh ; 
ami.  therefore,  it  buoys  up  the  swimmer 
better. 

Q IJow  do  coolcs  ascertain  if  their  brine 
he  salt  enough  for  yielding  ? 

A.  They  put  an  egg  into  the  brine. 
If  the  egg  sink,  the  brine  is  not  strong 
enough  ; if  the  egg  float,  it  is. 

Q.  Why  will  an  egg  sink  if  the  brine  be 
NOT  strong  enough  for  fielding  ? 

A.  Because  the  egg  will  be  the 
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heavier : but  if  as  much  salt  be  added  as 
the  water  can  dissolve,  the  brine  will 
buoy  up  the  egg,  and  cause  it  to  float. 

Q.  Why  will  an  egg  float  in  strong  brine, 

and  not  in  water  ? 

A Because  the  specific  gravity  of 
salt  and  water  is  greater  than  that  of 
water  only. 

Q.  Why  do  persons  sink  in  water  when  they 
are  unskilful  swimmers  P 

A.  Because  they  struggle  to  keep 
their  head  out  of  water. 

vQ.  Explain  how  this  is. 

A.  When  our  head  is  thrown  back 
boldly  into  the  water,  our  mouth  is  kept 
above  the  surface,  and  we  are  able  to  breathe : 

But  when  the  head  is  kept  above  the 
surface  of  the  water,  the  chin  and  mouth 
sink  beneath  it,  and  the  swimmer  is 
suffocated. 

This  may  be  illustrated  thus : — If  a piece  of  wood  be  of  such 
specific  gravity,  that  only  two  square  inches  can  float  out  of  water ; 
it  is  manifest,  that  if  two  other  inches  are  raised  out,  the  two  former 
inches  must  be  plunged  in.  The  body  (in  floating)  resembles  this 
piece  of  wood — If  two  square  inches  of  our  face  float  out  of  the  water, 
we  can  breathe ; but  if  part  of  the  back  and  crown  of  our  head  be 
forcibly  raised  above  the  surface,  a proportional  quantity  of  our  face 
must  be  plunged  in  ; and  our  mouth  becomes  covered  with  water. 

Q.  Why  can  quadrupeds  swim  more  easily 
than  man  ? 


SWIMMING. 


379 


A.  1st — Because  the  trunk  of  quad- 
rupeds is  lighter  than  water  : and  this  is 
the  greatest  part  of  them  : and 

2ndly — The  position  of  a beast  (when 
swimming)  is  a natural  one. 

Q.  Why  is  it  more  difficult  for  a man 
to  swim,  than  for  a beast  ? 

A.  1st — Because  his  body  is  more 
heavy  in  proportion,  than  that  of  a beast : 
and 

2ndly — The  position  and  muscular 
action  of  a man  (when  swimming)  differ 
greatly  from  his  ordinary  habits;  but 
beasts  swim  in  their  ordinary  position. 

Q.  Why  can  fat  men  swim  more  easily 
than  spare  men  ? 

A.  Because  fat  is  lighter  than  water  ; 
and  the  fatter  a man  is,  the  more  buoyant 
will  he  be. 

Q.  How  are  fishes  able  to  ascend  to  the 
surface  of  water  P 

A.  Fishes  have  an  air-bladder  near 
the  abdomen;  when  this  bladder  is 
filled  with  air,  the  fish  increases  in  size ; 
and  (being  lighter)  ascends  through  the 
water  to  its  surface 
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Q.  Sow  are  fishes  able  to  dite  in  a minute 
to  the  bottom  of  a stream  ? 

A.  They  expel  the  air  from  the  air- 
bladder  ; in  consequence  of  which,  their 
size  is  diminished,  and  they  sink  instantly. 


CHAPTER  XXVII. 


LIGHT. 


Q.  What  is  light  ? 

A.  The  unknown  cause  of  visibility 

The  most  commonly  received  theory  of  light  is  this.  A fluid, 
called  the  luminous  ether , fills  i: p the  intervening  spaces  between  the 
several  particles  of  air.  This  fluid  being  set  in  motion,  either  by 
some  chemical  change,  by  friction,  or  by  some  other  means,  is 
thrown  into  a state  of  undulation ; and  these  undulations  of  ether 
striking  on  the  optic  nerve,  make  the  eye  sensible  of  light,  in  much 
the  same  way  as  undulations  of  air  striking  on  the  drum  of  the  ear, 
give  us  the  sensation  of  sound.  ( See  p.  47.) 

Q.  Why  can  we  not  see  through  a bent  tube  P 

A.  Because  light  propagates  itself 
m straight  lines,  so  long  as  the  density  of 
the  medium  through  which  it  passes  is 
uniform. 

Q.  Why  does  an  opaque  body  cast  a 
shadow  behind ? 

A.  Because  it  opposes  the  passage 
of  the  light  which  falls  on  it,  and  cannot 
pass  through  it. 
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Q.  How  do  the  undulations  of  ether  produce 

LIGHT  ? 

A.  In  the  same  way  as  undulations 
of  air  produce  sounds  : i.e.  by  register- 
ing themselves  upon  the  extremities  of  a 
nerve  prepared  for  their  perception. 

The  term  undulatory  is  not  very  correct  when  applied  to  the 
motion  of  air  and  ether,  in  the  phenomena  of  sound  and  light.  It 
is  rather  vibratory  than  undulatory. 

Q.  How  fast  does  light  tbavel  ? 

A.  All  light  travels  so  fast,  that  it 
would  go  eight  times  round  the  earth, 
while  a person  counts  “ one.” 

All  light ; whether  the  light  of  the  sun,  the  light  of  a candle,  or 
the  reflected  light  of  houses,  trees,  and  fields,  travels  in  round 
numbers  192,000  miles  per  second. 

Q.  Why  are  some  surfaces  beilliant  (like 
glass  and  steel ) and  others  dull,  like  lead  ? 

A.  Because  some  surfaces  reflect 
much  light,  and  are  brilliant ; while 
others  absorb  a great  part  of  it,  and 
appear  dull. 

Q.  Why  can  a thousand  ■persons  see  the 
same  object  at  the  same  time  f 

A.  Because  it  throws  off  from  its 
surface  an  infinite  number  of  rays  in  all 
directions ; and  one  person  sees  by  one 
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portion  of  these  rays,  and  another  psrson 
by  another. 

Q.  Why  is  the  eye  pained  ly  a sudden 
EIGHT  ? 

A.  Because  the  nerve  of  the  eye  is 
burdened  with  rays,  before  the  pupil  has 
had  time  to  contract. 

Q.  Why  does  it  give  us  pain  if  a candle 
le  brought  suddenly  towards  our 'bed  at  night-time  ? 

A.  Because  the  pupil  of  the  eye 
dilates  very  much  in  the  dark,  in  order 
to  admit  more  rays.  When,  therefore, 
a candle  is  brought  suddenly  before  us, 
the  enlarged  pupils  allow  the  optic 
nerves  to  be  overloaded  with  rays,  and 
this  causes  pain. 

Q.  Why  can-  wen  ear  the  candle-light  after 
a few  moments  ? 

A.  Because  the  pupils  contract  again 
almost  instantly;  and  adjust  themselves 
to  the  quantity  of  light  which  falls  upon 
them. 

Q.  Why  can  we  see  nothing,  when  we 
leave  a well-lighted  room , and  go  into  the 

DARKER  ROAD  OT  STREET  ? 

A.  Because  the  pupil  (which  con- 
tracted in  the  bright  room)  does  not 
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dilate  instantaneously ; and  the  contrac- 
ted pupil  is  not  able  to  collect  rays 
enough  from  the  darker  road  or  street, 
to  enable  us  to  see  objects  before  us. 

Q.  Why  do  we  see  better  when  we  get 

USED  to  the  DARK  ? 

A.  Because  the  pupil  dilates  again, 
and  allows  more  rays  to  pass  through  its 
aperture ; in  consequence  of  which,  we 
see  more  distinctly. 

Q.  If  ice  loolc  at  the  suisr  for  a few  moments , 
why  do  all  other  things  appear  dark  ? 

A.  Because  the  pupil  of  the  eye 
becomes  so  much  contracted  by  looking 
at  the  sun,  that  it  is  too  small  to  collect 
sufficient  rays  from  other  objects  to  enable 
us  to  distinguish  their  colours.  (See 
“ Accidental  colours;”  pp.  421,  425.) 

Q.  If  we  watch  a bright  EIRE  for  a few 
moments , why  does  the  room  seem  dark  ? 

A.  Because  the  pupil  of  the  eye 
becomes  so  much  contracted  by  looking 
at  the  fire,  that  it  is  too  small  to  collect 
sufficient  rays  from  the  objects  around, 
to  enable  us  to  distinguish  their  colours. 
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Q.  Why  can  we  see  the  PROP  Ell  COLOURS  of 
every  object  again,  after  a few  minutes  ? 

A.  Because  the  pupil  dilates  again, 
and  accommodates  itself  to  the  light 
around. 

Q.  Why  can  tigees,  cats,  and  owls,  see  in 
the  daek  ? 

A.  Because  they  have  the  power  of 
enlarging  the  pupil  of  their  eyes,  so  as  to 
collect  scattered  rays  of  light  more  abun- 
dantly: in  consequence  of  which,  they 
can  see  distinctly  when  it  is  not  light 
enough  for  us  to  see  any  thing  at  all. 

Q.  Why  do  cats  and  owls  sleep  almost 
all  DAT  ? 

A.  Because  the  pupil  of  their  eyes  is 
very  hroad,  and  daylight  fatigues  them ; 
so  they  close  their  eyes  for  relief. 

Q.  Why  do  cats  Mink  when  they  sit  before 
a fire ? 

A.  Because  the  pupil  of  their  eye  is 
very  broad,  and  the  light  of  the  fire  is 
painful : so  they  keep  shutting  their  eyes 
to  relieve  the  sensation  of  too  much  light. 

Q.  Why  do  tigees,  cats,  owls,  fc.,  pbowl 
by  night  for  prey  f 
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A.  Because  they  sleep  all  day,  when 
the  strong  light  would  be  painful  to 
them  ; and  as  they  can  see  clearly  in  the 
dark,  they  prowl  then  for  prey. 

Q.  Why  do  glow-worms  glisten  ly  night 
only? 

A.  Because  the  light  of  day  is  so 
strong  as  to  eclipse  their  feeble  light : 
in  consequence  of  which,  they  are  in- 
visible by  day. 

Q.  Why  can  we  not  see  the  stars  in  the 

DAT-TIME  ? 

A.  Because  the  light  of  day  is  so 
powerful  as  to  eclipse  the  feeble  light  of 
the  stars;  in  consequence  of  which, 
they  are  invisible  by  day. 

Q.  Why  can  we  see  the  stars  even  at  mid- 
day, from  the  bottom  of  a deep  well  ? 

A.  Because  their  light  is  no  longer 
overpowered  by  the  rays  of  the  sun, 
which  are  lost  in  numerous  reflections 
in  the  well. 

The  rays  of  the  sun  will  enter  the  well  very  obliquely;  whereas 
many  stars  will  shine  directly  over  the  well.  ( See  pp.  392,  393.) 

Q.  What  is  the  use  of  two  eyes,  since 
they  present  only  one  image  of  any  object  ? 
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A.  1st — To  enlarge  our  field  of 

vision : 

2ndly — To  increase  the  distinctness 
of  vision  : 

3rdly — To  diminish  the  fatigue  of 
vision : and 

4thly — To  supply  the  means  of  sight, 
if  one  eye  is  injured  or  lost. 

Q.  Why  do  we  not  see  things  double,  with 

TWO  EYES  ? 

A.  Because  both  images  fall  on  cor- 
responding parts  of  the  two  retinae,  which 
are  simultaneously  affected. 

Persons  with  oblique  vision  see  double,  because  both  the  images 
looked  at,  are  not  painted  on  points  of  the  retinae  which  correspond. 

Q.  Why  do  we  see  ourselves  in  a glass  ? 

A.  Because  the  rays  of  light  from 
our  face,  on  striking  against  the  surface 
of  the  glass,  are  reflected,  or  sent  back 
again  to  our  eye. 

Q.  Why  are  the  rays  of  light  reelected  ly 
a MIBEOR  ? 

A.  Because  they  cannot  pass  through 
the  impenetrable  metal  with  which  the 
back  of  the  glass  is  covered : so  they 
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rebound  bach  again,  just  as  a marble 
would,  if  it  were  thrown  against  a wall. 

Q.  When  a marble  is  rolled  towards  a wall , 
what  is  the  path  thbough  which  it  buns 
called  ? 

A.  The  line  of  incidence. 

Q.  When  a marble  kebounds  bach  again , 
what  is  the  path  it  then  describes  called  ? 

A.  The  line  of  reflection. 

See  figure  on  p.  388.  If  AB  be  the  line  of  incidence,  then  BC  is 
the  line  of  reflection  ; and  vice  versa. 

Q.  When  the  light  of  our  face  goes  to  the 
glass,  what  is  the  path  throuqh  which  it  qoes 

CALLED  ? 

A.  The  line  of  incidence. 

Q.  When  the  light  of  our  face  is  reflected 
back  again  from  the  mirror , what  is  this  eetukn- 
in  a path  called  ? 

A.  The  line  of  reflection, 

Q.  What  is  the  angle  of  incidence  ? 

A.  The  angle  between  the  line  of 
incidence  and  the  perpendicular. 

Q.  What  is  the  angle  of  reflection  ? 

A.  The  angle  between  the  line  of 
reflection  and  the  perpendicular. 

See  figure  on  p.  388. 
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Let  SS  be  any  surface,  PB  a perpendicular  to  it — If  a marble  were 
thrown  from  A to  B,  and  bounded  back  to  C ; then  ABP  would  be 
called  the  angle  of  incidence , and  CBP  the  angle  of  reflection. 

Q.  Why  does  our  reflection  in  a mirror 
seem  to  approach  us,  as  we  walk  towards  it: 
and  to  retire  from  us,  as  we  retire  ? 

A.  Because  the  lines  and  angles  of 
incidence  are  always  equal  to  the  lines 
and  angles  of  reflection ; in  consequence 
of  which,  the  image  will  always  seem  to 
he  as  far  behind  the  mirror,  as  the  real 
object  is  before  it. 
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Suppose  A to  be  a mirror — CA,  EA,  DA,  and  FA  the  lines  of  inci- 
dence ; than  GA,  KA,  HA,  and  LA,  are  the  lines  of  reflection. 
When  the  arrow  is  at  CD,  its  image  will  appear  at  GH,  because 
line  CA=GA,  and  line  DA=IIA : and  also  the  angle  CAB=angle 
GAB,  and  angle  DAB=HAB.  For  a similar  reason,  if  the  arrow 
were  at  EF,  the  image  would  seem  to  be  at  KL. 

Q.  Why  can  a man  see  his  whole  persoh 
reflected  in  a little  mirror,  not  6 inches  in 
length  ? 

A.  Because  the  lines  and  angles  of 
reflection  must  be  always  equal  to  the 
lines  and  angles  of  incidence. 


Let  M m be  a small  mirror,  and  E an  eye,  looking  at  I i,  an  image 
of  the  object  0 o reflected  from  it  Then  the  ray  which  fails  per- 
pendicularly from  0,  is  reflected  back  in  the  same  line,  so  that  the 
image  appears  as  if  placed  at  I.  But  the  ray  which  falls  obliquely 
from  o to  m,  is  reflected  by  an  equal  angle  to  0,  and  the  image 
seems  to  be  at  i,  (i.  e.  in  the  line  of  the  last  reflection).  Hence  the 
entire  image  will  appear  to  be  as  large  as  I i. 

Q.  Why  does  the  image  of  any  object  in 
water  always  appear  inyerted  ? 

A.  Because  the  angles  of  incidence 
are  always  equal  to  the  angles  of  reflection . 
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tlere  the  arrow  head  A strikes  the  water  at  F,  and  is  reflected  as 
if  from  D ; and  the  barb  B strikes  the  water  at  E,  and  is  reflected 
as  if  from  C. 

If  a spectator  stands  at  G,  he  will  see  the  reflected  lines  CE  and 
DF,  produced  as  far  as  G. 

It  is  very  plain,  that  A (the  more  elevated  object)  will  strike  the 
water,  and  be  projected  from  it  more  perpendicularly  than  the  point 
B ; and,  therefore,  the  image  will  seem  inveited.  See  p.  388. 

Q.  When  we  see  our  reflection  in  water, 
why  do  we  seem  to  stand  on  our  head  ? 

A.  Because  the  angles  of  incidence  are 
always  equal  to  the  angles  of  reflection. 

The  feet  are  nearest  to  the  surface  of  the  water,  and  must,  there- 
fore, seem  so  in  the  reflection ; and  the  head  which  is  more  remote, 
must  also  seem  more  distant  from  the  surface  of  the  water  which 
reflects  it. 

Q.  Why  do  windows  seem  to  blaze  at 
BUN-RISE  and  SUN-SET  ? 

A.  Because  glass  is  a good  reflector 
of  light : and  the  rays  of  the  sun  (striking 
against  the  window  glass)  are  reflected, 
or  thrown  back. 


REFLECTION  ON  WINDOWS.  391 


Q.  Why  do  not  windows  reflect  the  noon- 
day rays  also  ? 

A.  They  do,  but  the  reflection  is  not 

seen. 

Q.  Why  is  the  reflection  of  the  it  I sing  and 
setting  sun  seen  in  the  window,  and  not  that  of 
the  noon-day  sun  ? 

A.  Because  the  rays  of  the  noon-day 
sun  glance  off  from  the  glass  downwards, 
so  that  an  observer  could  not  readily 
behold  both  the  window  and  the  sun’s 
reflection. 

Sun  near  noon. 


Sun  neai  the  horizon. 


Here  AB  represents  a ray  of  the  noon-day  sun  striking  the 
window  at  B ; its  reflection  will  be  at  C : 

But  DB  (a  ray  of  the  rising  or  setting  sun)  will  be  reflected  tt> 
(the  eye  of  speeutor.) 
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Q.  Why  can  we  not  see  the  sun's  reflection 
in  a well,  during  the  day-time  ? 

A.  Because  the  rays  of  the  sun  fall 
so  obliquely,  that  they  never  reach  the 
surface  of  the  water  at  all,  but  strike 
against  the  brick  sides. 


Let  BDEC  be  the  well,  and  BE  the  water. 

The  ray  AB  strikes  against  the  brick-work  inside  the  well;  and 
The  ray  AC  strikes  against  the  brick-work  outside  the  well. 

None  will  ever  touch  the  water  at  DE. 

Q.  Why  are  stabs  reflected  in  a well, 
although  the  son  is  not  ? 

A.  Because  the  rays  of  those  stars, 
which  pass  nearly  overhead,  will  not  fall 
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so  obliquely  into  the  well,  as  the  rays  of 
the  sun. 

A STAR. 


Here  the  star’s  rays  AB,  AC,  both  strike  the  water  BE,  and  are 
reflected  by  it. 

The  rays  of  both  sun  and  moon  may  he  reflected  from  the  surface 
of  water  in  a well,  so  placed  on  the  earth’s  surface,  that  those 
luminaries  pass  vertically  overhead  (i.e,  between  the  tropics.) 

Q.  In  a sheet  of  water  at  noon , the  sun 
appears  to  shine  upon  only  ON'E  spot , and  all  the 
best  of  the  water  seems  dark, — Why  is  this  ? 

A.  The  rays  fall  at  various  degrees 
of  obliquity  on  the  water,  and  are  reflec- 
ted at  similar  angles ; but  only  those 
which  come  from  the  spot  where  equal 
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angles  are  formed,  between  the  sun  and 
a perpendicular,  and  the  eye  and  the 
same  line,  are  visible  as  glare. 


Here,  of  the  rays  SA,  SB,  and  SC,  only  the  ray  SC  meets  the  eye 
of  the  spectator  D.  If  a line  were  dropped  perpendicularly  over 
C,  the  angles  formed  between  that  line  and  SC,  and  DC,  would  be 
equal. 

The  spot  C,  therefore,  will  appear  luminous  to  the  spectator  D, 
but  no  other  spot  of  the  water  ABC. 

Q.  Why  are  moee  staes  visible  from  a 
mountain,  than  from  a plain  ? 

A.  Because  they  have  less  air  to  pass 
through.  As  air  absorbs  and  diminishes 
light;  therefore,  the  higher  we  ascend, 
the  less  light  will  be  absorbed 
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Q.  Why  do  the  sun  and  moon  seem  larger 
at  their  rising  and  setting,  that  at  any  other 
time  ? 

A.  The  appearance  is  an  illusion,  in 
consequence  of  terrestrial  objects  being 
placed  in  close  comparison  with  them  at 
one  time  and  not  at  the  other. 

The  sun  has  really  the  same  apparent  angular  size  whon  on  the 
horizon,  awl  when  high  in  the  sky.  The  moon  seems  real  ly  smaller 
when  on  the  horizon  than  when  high  up. 

Q.  Why  do  the  sun  and  moon  appear  as  if 
flattened  into  oval forms  when  seen  on  the  horizon  ? 

A.  Because  the  lower  portions  of  the 
disc  are  more  displaced  by  the  refractive 
power  of  the  atmosphere  than  the  top, 
so  that  the  vertical  diameter  is  reduced 
in  length.  No  such  reduction  takes 
place  in  the  transverse  diameter,  there- 
fore the  breadth  seems  longer  than  the 
depth. 

Q.  Tloiv  does  light  cause  the  pupil  of  the 
eye  to  contract  ? 

A.  The  pupil  of  the  eye  is  a round 
hole,  in  the  midst  of  a moveable  muscular 
curtain  or  screen,  called  the  iris.  When 
too  much  light  falls  on  the  nervous 
retina  at  the  back  of  the  eye,  it  irritates 
it ; and  this  irritation  is  conveyed  to  the 


396 


LIGHT. 


muscular  rings  composing  the  curtain  by 
small  nervous  fibres,  causing  them  to 
contract. 

The  same  effect  is  produced  by  increasing  or  diminishing  the 
object  aperture  of  a telescope.  The  power  of  a small  part  of  the 
pupil  to  allow  a perfect  but  fainter  image  of  an  object  to  be  formed, 
may  be  thus  proved Fix  the  eye  attentively  upon  the  flame  of  a 
candle,  then  very  slowly  advance  the  edge  of  a card,  held  closely  tc 
the  eye,  more  and  more  across  the  pupil,  and  the  flame  will  be  seen 
to  get  fainter  and  fainter,  although  it  still  preserves  its  perfect 
outline ; at  last,  it  disappears  all  at  once. 

Q Why  can  we  not  see  into  the  street  or 
road , when  candles  are  lighted  ? 

A.  Because  the  pupil  of  the  eye 
(having  become  contracted  by  the  light  of 
the  room)  is  too  small  to  collect  rays 
enough  from  the  dark  street,  to  enable 
us  to  see  objects  in  it. 

Q.  Why  do  we  often  see  the  eire  reelected 
in  our  parlour  window  in  winter-time  ? 

A Because  glass  is  a good  reflector ; 
and  the  rays  of  the  fire  (striking  against 
the  window  glass)  are  reflected  back  into 
the  room  again. 

Q.  Why  do  we  often  see  several  reflections 
of  our  eire  or  candles  in  the  window , while  we 
are  sitting  in  our  parlour  ? 

A.  1st — Because  both  surfaces  of  the 

window  glass  reflect  them ; and 
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2ndly — The  reflections  are  multiplied 
by  imperfections  in  the  glass. 

Q.  Why  is  this  reflection  more  clear , if  the 
external  air  he  dark  ? 

A.  Because  the  reflection  is  not 
eclipsed  by  brighter  rays,  passing  through 
from  the  other  side  of  the  window. 

Q.  If  the  shadow  of  an  object  be  thrown  on 
a wall , — the  closer  the  object  is  held  to  a candle, 
the  larger  will  be  its  shadow.  Why  is  this  ? 

A.  Because  the  rays  of  light  diverge 
from  the  flame  of  a candle  in  straight 
lines,  like  lines  drawn  from  the  centre  of 
a circle. 


Here  the  arrow  A held  close  to  the  candle,  will  cast  the  shadow 
FB  on  a wall ; w hile  the  same  arrow  held  at  C would  cast  only  the 
little  shadow  DE.  m a 
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Q.  Why  does  an  avenue  of  trees,  or  a long 
straight  street,  seem  to  get  narrower  and  nar- 
rower in  the  distance , till  the  two  sides  appear  to 
MEET  ? 

A.  Because  the  more  distant  trees  or 
houses  are,  the  more  acute  will  he  the 
angle,  that  any  opposite  two  make  with 
our  eye. 





Here  the  width  between  the  trees  A and  B will  seem  to  he  as  great 
as  the  line  AB  : 

But  the  width  between  the  trees  C and  D will  seem  to  be  no  more 
than  EF. 

Q.  In  an  avenue  or  long  straight  street, 
why  do  trees  or  houses  seem  to  be  smaller  and 
smaller  as  their  distance  increases  ? 

A.  Because  the  more  distant  trees  or 
houses  are,  the  more  acute  ivill  he  the 
angle  made  by  their  perpendicular  height 
with  our  eye. 
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Here  the  first  tree  AB  will  appear  the  height  of  the  line  AB  ; but 
the  last  tree  CD  will  appear  only  as  high  as  the  line  EF. 

Q.  Why  do  some  glasses  magnify  objects , 
and  others  diminish  them? 

A.  This  depends  upon  the  focus  of 
the  glass : if  a glass  makes  the  focal 
distance  of  an  object  longer,  the  object 
appears  diminished  in  size  : if  shorter,  it 
magnifies. 

The  focal  distance  means  the  distance  at  which  the  eye  perceives 
an  object  distinctly.  A microscope  magnifies  by  enabling  the  eye  to 
see  an  image  closer  to  the  eye,  than  would  be  possible  otherwise. 

In  the  last  two  figures  it  is  evident — That  the  larger  the  angle 
made  by  two  lines  connecting  the  object  with  the  eye,  the  larger  the 
object  will  appear,  and  vice  versa.  But  this  angle  becomes  smaller 
and  smaller  as  the  object  is  removed  further  from  us.  Thus  the 
angle  CGD  is  less  than  the  angle  AGB.  If  a lens  therefore  lengthens 
the  focus,  it  diminishes  objects;  if  it  shortens  the  focus,  it  magnifies 
them. 

Q.  Why  does  a man  on  the  top  of  a mount  ain 
or  church  spire,  seem  to  be  no  biggek  than  a 
cro  w ? 

A.  Because  the  angles  made  in  our 
eye  by  the  perpendicular  height  of  a man 
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at  that  distance,  is  no  bigger  than  thaf 
made  by  a crow  close  by. 


A 


B 


Let  AB  be  a man  on  a distant  mountain  or  spire,  and  CD  a crdr 
close  by  : 

The  man  will  appear  only  as  high  as  the  line  CD,  which  is  the 
height  of  the  crow. 

Q.  Why  does  the  moon  appear  to  us  so  much 
larger  than  the  stabs,  though  in  fact  it  is  a 
great  deal  smaller  ? 


A.  Because  the  moon  is  very  much 
nearer  to  us,  than  an}'  of  the  stars. 


B 


Let  AB  represent  a fixed  star,  and  CD  the  moon. 

AB  though  much  the  larger  body,  will  appear  no  bigger  than  EF; 
whereas  the  moon  (CD)  will  appear  as  large  as  the  line  CD  to  the 
spectator  G. 

The  moon  is  240,000  miles  from  the  earth,  not  quite  a quarter  of  a 
million  of  miles.  The  nearest  fixed  stars  are  20,000,000,000,000  (i.e. 
20  billions.) 

If  a ball  went  500  miles  an  hour,  it  would  reach  the  moon  in 
twenty  days;  but  it  would  not  reach  the  nearest  fixed  star  in 
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4,500,000  years.  Had  it  begun,  therefore,  when  Adam  was  created, 
it  would  be  no  further  on  its  journey,  than  a coach  (which  has  to 
go  from  the  Land’s  End,  Cornwall,  to  the  most  northern  parts  of 
Scotland)  after  it  has  passed  about  three-quarters  of  a mile. 

Q.  Why  do  the  sun  and  moon  ( which  are 
spheres)  appear  to  he  fiat  surfaces  ? 


A.  Because  they  are  such  an  immense 
‘way  off,  that  we  can  discern  no  difference 
of  length  between  those  rays  which  issue 
from  the  edge,  and  those  which  issue 
from  the  centre  of  these  bodies. 


The  rays  AD  and  CD  appear  to  be  no  longer  than  the  ray  BD ; 
but  if  all  the  rays  seem  of  the  same  length,  the  part  B will  not  seem 
to  be  nearer  to  us  than  A and  C ; and,  therefore,  ABC  will  look  like 
a fiat  or  straight  line. 

The  rays  AD  and  CD,  in  the  case  of  the  moon,  are  240,000  miles 
long. 

The  ray  BD  is  238,910  miles  long. 

Q.  Why  does  distance  make  an  object 

INVISIBLE  ? 


A.  Because  no  visible  perpendicular 
can  be  inserted  between  the  lines  which 
form  the  angle  : or  because  the  light  has 
been  made  very  faint  by  the  distance. 


The  image  formed  within  the  eye,  falls  upon  so  small  an  area  of 
he  internal  membrane,  that  this  is  not  able  to  affect  its  perception; 
or  it  stimulates  that  area  so  faintly,  that  no  sense  of  sight  follows. 
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Q.  Why  do  telescopes  enable  us  to  see 
objects  invisible  to  the  naked  eye  ? 

A.  Because  they  gather  together 
more  luminous  rays  from  obscure  objects, 
than  the  eye  can ; and  form  a bright 
image  of  them  in  the  tube  of  the  teles- 
cope, where  they  are  magnified. 

As  many  times  as  the  dimensions  of  the  object-glass  exceed  the 
dimensions  of  the  pupil  of  the  eye , so  many  times  the  penetrating 
power's  of  the  telescope  will  exceed  that  of  the  naked  eye. 

Q.  When  a ship  ( out  at  sea)  is  approaching 
shore , why  do  we  see  the  small  masts,  before  we 
see  the  bulky  hull  ? 

A.  Because  the  earth  is  round ; and 
the  curve  of  the  sea  hides  the  hull  from 
our  eyes,  after  the  tall  masts  have  be- 
come visible. 


^ A 


Here  only  that  part  of  the  ship  above  the  line  AC,  can  be  seen  by 
the  spectator  A ; the  rest  of  the  ship  is  hidden  by  the  swell  of  the 
curve  DE. 

Q.  What  is  meant  by  HP. fraction  ? 

A.  Bending  a ray  of  light,  as  it 
passes  from  one  medium  to  another. 
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Q.  How  ts  a ray  of  light  bent,  when  it 
passes  from  one  medium  to  another  ? 

A.  When  a ray  of  light  passes  into 
a denser  medium,  it  is  bent  towards  the 
perpendicular.  When  it  passes  into  a 
rarer  medium,  it  is  bent  from  the  per- 
pendicular. 


Suppose  DE  to  be  a perpendicular  line. 

If  AB  (a  ray  of  light)  enters  the  water,  it  will  be  bent  toward $ 
the  perpendicular  to  C. 

If  (on  the  other  hand'  CB  (a  ray  of  light)  emerges  from  the  water, 
it  would  be  bent  away  j'rom  the  perpendicular  towards  A. 

Q.  If  light  and  sound  are  both  produced  by 
oscillations , why  can  we  not  see  light , as  ivell  as 
hear  sounds , through  a bent  trumpet  or  horn  ? 

A.  Because  many  substances  reflect 
the  oscillations  of  sound,  that  do  not 
reflect  the  oscillations  of  light. 
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Intervening  angles  obstruct  the  passage  of  sound  in  some  measure, 
but  not  to  the  same  extent  as  they  obstruct  the  passage  of  light. 
Thus  if  a card  be  placed  between  a vibrating  tuning  fork  and  the  air, 
the  sound  is  dulled.  On  the  other  hand,  light  may  be  transmitted 
through  a bent  tube,  if  reflecting  mirrors  are  properly  placed  at  the 
angles. 

Q.  Why  does  a spoon  (in  a glass  oj  water ) 
always  appear  bent? 

A.  Because  the  light  (reflected  from 
the  spoon)  is  refracted,  as  it  emerges  from 
the  water. 


Here  the  spoon  ABC  is  refracted,  when  it  enters  the  water,  and 
appears  broken  as  ABD. 

A common  experiment,  bearing  a similar  explanation,  is  this : Put 
a shilling  in  an  empty  basin— move  away  till  you  just  lose  sight  of 
the  coin — let  some  one  pour  clean  water  in  the  basin,  and  the  shilling 
will  again  become  visible  to  you. 

Q.  Why  does  a river  always  appear  more 
shallow,  than  it  really  is  ? 

A.  Because  the  light  of  the  bottom 
of  the  river  is  refracted,  as  it  emerges 
out  of  the  water. 
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See  fig.  onp.  404.  The  bottom  of  the  river  will  appear  elevated, 
like  the  bowl  of  the  spoon  D. 

Q.  How  much  deeper  is  a river , than  it 
seems  to  be  ? 

A.  About  one-third.  If,  therefore, 
a river  seems  only  4 feet  deep,  it  is  in 
reality  nearly  6 feet  deep. 

The  exact  apparent  depth  would  be  4$.  To  find  the  real  depth 
multiply  by  4 and  divide  by  3 — thus  4£  x 4 -=-  3= (i  feet  real  depth. 

N.B. — Many  boys  get  out  of  their  depth  in  bathing,  in  consequence 
of  this  deception.  Remember,  a river  is  always  one-third  deeper 
than  it  appears  to  be  : — thus,  if  a river  seems  to  be  4 feet  deep,  it  is 
in  reality  nearly  G feet  deep,  and  so  on. 

Q.  Why  do  fishes  seem  to  be  nearer  the  sur~ 
face  of  a river , than  they  really  are  ? 

A.  Because  the  rays  of  light  from  the 
fish  are  refracted,  as  they  emerge  from 
the  water : In  consequence  of  which, 
the  fish  appear  nearer  to  our  eye,  than 
they  really  are. 

See  fig.  on  p.  404. 

Q.  Why  are  some  persons  near-sighted  ? 

A.  Because  the  cor  nea  of  their  eye 
is  so  prominent,  that  the  image  of  distant 
objects  is  formed  before  it  reaches  the 
ret'ina;  and,  therefore,  is  not  distinctly 
seen. 
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Q.  What  is  meant  by  the  “ cob'nea  of  the 
eye  ?” 

A.  All  the  transparent  part  of  the 
front  of  the  eye-ball. 

The  curve  ABC  Is  called  the 
cou'nea. 


If  this  curve  be  too  prominent 
(or  convex),  the  eye  is  near-sighted. 


If  too  flat  (or  concave),  the  eye 
is  far-sighted. 

Q.  What  is  meant  by  the  “bet'ina  of  the 

EYE  ?” 

A.  The  net-work,  which  lines  the 
back  of  the  eye,  is  called  the  retina. 

The  net-work  ABC  is  called  the  ret'ina, 
and  the  projecting  part  DEF  is  called  the 
cor'nea. 

I 

N.B. — This  net-work  is  composed  of  a 
spreading  out  of  the  fibres  of  the  nerve  of 
vision. 

The  eye  is  covered  with  a tough  pearly  opaque  membrane,  called 
the  schroVric  coat,  going  all  round  the  eye  except  over  the  front 
DEF  (the  cornea) ; at  D and  F it  terminates  and  makes  a groove, 
into  which  the  transparent  cornea  fits,  just  as  a watch  glass  fits  into 
the  metal  rim  made  to  receive  it. 

The  opening  just  below  A is  the  optic  nerve,  which  enters  the 
eye  on  that  side  nearest  the  nose ; and  after  it  gets  into  the  eye, 
expands  into  the  lining  called  the  retina. 

Q.  What  sort  of  glasses  do  near-sighted 
persons  wear  ? 

A.  If  the  cor'nea  be  too  convex  (or 
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projecting),  the  person  must  wear  double 
concave  glasses,  to  counteract  it. 

Q.  What  is  meant  by  “double  concave 
glasses  ?” 

A.  Glasses  hollowed-in  on  both  sides. 


\ j The  figure  A is  double  concave,  or  concave  on  both 
A j 1 sides. 

Q.  TWhere  is  the  image  of  objects  formed,  if 

the  cornea  be  too  convex  ? 

A.  If  the  cornea  be  too  convex,  the 
image  of  a distant  object  is  formed  in  the 
vitreous  humours  of  the  eye,  and  not  on 
the  ret'ina. 


Thus  the  image  is  formed  at  DE ; and 
not  on  ABC  (the  retina). 


Q.  What  is  the  use  of  double  covcat-e 
spectacle  glasses  ? 

A.  To  cast  the  image  further  back; 
in  order  that  it  may  be  thrown  upon  the 
retina  and  become  visible. 
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Q.  TVJiy  are  old  people  far-sigiited  ? 

A.  Because  the  humours  of  their 
eyes  are  dried  up  by  age:  in  conse- 
quence of  which,  the  cornea  sinks  in, 
or  becomes  flattened. 

Q.  Why  does  the  flattening  of  the  cor'nea 
prevent  persons  seeing  objects  which  are  near  ? 

A.  Because  the  cornea  is  too  fiat; 
and  the  image  of  any  near  object  is  not 
completely  formed,  when  rays  reach  the 
retina  ; in  consequence  of  which,  the 
image  is  imperfect  and  confused. 


The  perfect  image  wonld  be  made  at  DE  5 
and  not  on  ABC  (the  retina). 


Q.  What  sort  of  glasses  do  old  people 
wear  ? 

A.  As  their  cornea  is  not  sufficiently 
convex,  they  must  use  double  convex 
glasses,  to  enable  them  to  see  objects 
near  at  hand. 

Q.  What  sort  of  glasses  are  “ double  con- 
vex SPECTACLE  GLASSES  ?” 
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A.  Glasses  which  curve  outivards  on 
both  sides. 

a I I The  figure  A is  double  convex,  or  convex  on  both 

l I sides. 

Q„  What  is  the  use  of  double  convex 
spectacle  glasses  ? 

A.  To  shorten  the  focus  of  the  eye; 
and  bring  the  image  of  distant  objects 
upon  the  retina. 

Q.  Why  do  near-sighted  persons  bring 
objects  close  to  the  eye , in  order  to  see  them  ? 

A.  Because  the  refracting  powers  of 
their  eye  are  so  great,  that  the  image  of 
distant  objects  is  formed  in  front  of  the 
ret'ina : but  when  objects  are  brought 
near  to  the  eye,  their  image  is  thrown 
further  bach,  and  made  to  fall  on  the 
ret'ina. 

Because  then  the  rays  which  come  from  them  to  the  eye  are  more 
divergent,  and,  theiefore,  require  more  refracting  power  to  bring 
them  to  a focus. 

Q.  Why  do  old  people  hold  objects  far 
Off,  in  order  to  see  them  better  ? 

A.  Because  the  refracting  powers  of 
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their  eyes  are  not  great  enough : when, 
however,  objects  are  held  further  off,  it 
compensates  for  this  defect ; and  a per- 
fect image  is  formed  on  the  retina. 

Q.  Why  are  hawks  able  to  see  such  an 
IMMENSE  way  off? 

A.  Because  they  have  a muscle  in 
the  eye,  which  enables  them  to  flatten 
their  cornea,  by  drawing  back  the  crystal- 
line lens. 

There  is  yet  some  little  uncertainty  as  to  the  cause  by  which  the 
eye  is  enabled  to  adapt  itself  to  varying  distances. 

Q.  Why  can  hawks  see  objects  within  half- 
an-inch  of  their  eyes , as  well  as  those  a long 
way  off  ? 

A.  Because  their  eyes  are  furnished 
with  a flexible  bony  rim ; which  can 
throw  the  cornea  forward,  and  make  the 
hawk  near-sighted  ( see  p.  405). 

Q.  Into  how  many  parts  may  a rat  of 

LIGHT  be  DIVIDED  ? 

A.  Into  three  parts : Blue,  Yellow, 
and  Red. 

N.B.  These  three  colours,  by  combination,  make  seven.  1. — Red. 
2. — Orange  (or  red  and  yellow).  3. — Yellow.  4. — Green  (or 
yellow  and  blue).  5. — Blue.  6. — Indigo  (a  shade  of  blue) ; and 
7. — Violet  (or  blue  and  red) . 

Q.  How  is  it  known,  that  a ray  of  light 
consists  of  several  different  colours  9 
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A.  Because  a triangular  piece  of 
glass  (called  a prism),  will  divide  it  into 
these  seven  colours:  1. — Red;  2. — 
Orange;  3. — Yellow;  4. — Green;  5. — 
Blue ; 6. — Indigo ; and  7. — Violet. 

Q.  Why  does  a prism  divide  a ray  of  light 
into  various  colours  ? 

A.  Because  all  these  colours  have 
different  refractive  susceptibilities.  Red 
is  refracted  least,  and  blue  the  most: 
therefore,  the  blue  colour  of  the  ray  will 
be  bent  to  the  top  of  the  prism,  and  the 
red  will  remain  at  the  bottom. 


B 


Here  the  ray  AB  (received  on  a prism  at  B),  would  have  the  blue 
part  bent  up  to  C the  yellow  part  to  D ; and  the  red  part  no 
further  than  E. 

Q.  What  is  meant  by  the  refraction  of  a 
ray  ? 

Ao  Bending  it  from  its  straight  line. 

Thus  the  ray  AB  of  the  last  figure  is  refracted  at  B into  three 
courses,  C,  D,  and  E. 

Q.  What  is  the  cause  of  a rainbow  ? 

A.  When  the  clouds  opposite  the  sun 
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are  venj  dark , and  rain  is  still  falling 
from  them,  the  rays  of  the  bright  sun 
are  divided  into  colours  by  the  rain-drops, 
as  they  would  be  by  a prism. 


Let  A,  B,  and  C be  three  drops  of  rain ; SA,  SB,  and  SC,  three 
rays  of  the  sun.  They  are  all  divided  into  three  colours,  by  the 
drops  of  rain  on  which  they  fall,  and  are  reflected  towards  the  eye 

at  D. 

But  since  the  coloured  rays  are  bent  in  different  degrees,  and  the 
drops  placed  at  different  heights,  only  one  colour  from  each  enters 
the  eye. 

Hence  the  eye  receives  the  least  refrangible  (red)  from  A ; the 
next  least  (yellow)  from  B;  and  the  most  refrangible  (blue)  fromC. 
As,  however,  many  drops  are  similarly  circumstanced  with  regard 
to  the  eye,  arched  bands  of  colours  are  visible,  constituting  the 
rainbow. 

Q.  Does  eye  by  person  see  the  same  colouft 
from  the  same  drops  X 
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A.  No  : no  two  persons  see  the  same 
rainbow. 

To  another  spectator  the  rays  from  SB  might  he  red , instead  of 
yellow  : the  ray  from  SC,  yellow  ; and  the  blue  might  be  reflected 
from  some  drop  below  C.  To  a third  person  the  red  may  issue 
from  a drop  above  A,  and  then  A would  reflect  the  yellow,  and  B 
the  blue,  and  so  on. 

Q.  Why  are  there  often  two  rainbows,  at 
one  and  the  same  time  ? 

A.  In  one  rainbow  we  see  the  rays  of 

*> 

the  sun  entering  the  rain-drops  at  the 
top,  and  reflected  to  the  eye  from  the 
bottom. 

In  the  other  rainbow,  we  see  the  rays 
of  the  sun  entering  the  rain- dr  ops  at  the 
bottom,  and  reflected  at  the  top,  whence 
they  reach  the  eye. 


again,  and  reaches  the  eye  of  the  spectator.  (See  p.  414.) 
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Here  the  ray  SB  (of  the  secondary  rainbow)  strikes  the  drop  at 
B,  is  refracted  to  A, — is  then  reflected  to  C, — is  again  reflected  to 
D,  when  it  is  again  refracted  or  bent,  till  it  reaches  the  eye  of  the 
spectator. 

Q.  Why  are  the  colours  of  the  second  low 
all  REVERSED  ? 

A.  Because  in  one  bow  we  see  the 
rays,  which  enter  at  the  top  of  the  rain- 
drops, refracted  from  the  bottom; 

But  in  the  other  bow  we  see  the  rays, 
which  enter  at  the  bottom  of  the  rain- 
drops (after  two  reflections)  refracted 
from  the  top. 

See  figure  on  next  page . 

Here  ABC  represent  three  drops  of  rain  in  the  secondary  (or 
upper)  RAINBOW. 

The  least  refracted  line  is  red,  and  blue  the  most. 

So  the  blue  (or  most  refracted  rays)  of  all  the  drops  in  the  position 
of  A,— the  yellow  of  those  in  the  position  of  B,  and  the  red  (or  the 
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least  refracted  rays)  of  the  lowest  drops,  all  meet'the  eye  D,  and 
form  a rainbow  to  the  spectator. 

The  reason  why  the  primary  how  exhibits  the  stronger  colours 
is  this — because  the  colours  are  seen  after  one  reflection  and  two 
refractions:  but  the  colours  of  the  secondary  (or  upper)  rainbow, 
undergo  two  reflections  and  two  refractions. 

(Sre  figure  on  p.  412.)  Here  also  the  least  refracted  ray  is  red, 
and  the  most  refracted  blue  (as  in  the  former  case) ; but  the  position 
of  each  is  reversed. 

Q.  Why  does  a soap  bubble  exhibit  such  a 
VARIETY  of  COLOURS  ? 

A.  Because  the  thickness  of  the  film 
through  which  the  rays  pass,  is  con- 
stantly varying. 

Q.  Why  does  the  thickness  of  the  film 
affect  the  colour  of  a soap  bubble  ? 
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A.  Because  different  degrees  of  thick- 
ness  in  the  film  produce  different  powers 
of  refraction  ; and,  therefore,  where  the 
thickness  of  the  film  varies,  different 
colours  reach  the  eye. 

Where  a spot  on  the  bubble  grows  excessively  thin,  it  appears 
black,  because  it  then  transmits  all  the  light  and  reflects  none. 

Q.  Why  is  a soap  bubble  so  constantly 

CHANGING  its  THICKNESS  ? 

A.  Because  water  runs  down  from  the 
top  to  the  bottom  of  the  bubble,  till  the 
crown  becomes  so  thin  as  to  hurst. 

Q.  Why  are  some  things  transparent  ? 

A.  Because  they  are  so  constituted 
as  to  allow  the  vibrations  of  light  to 
he  uniformly  transmitted  through  their 
substance. 

Q.  Why  are  some  things  not  teanspaeent  ? 

A.  Because  they  are  so  constituted 
as  not  to  allow  the  vibrations  of  light  to 
be  transmitted  through  their  substance. 

Therefore  they  are  seen  by  light  reflected  back  from  them,  instead 
of  allowing  other  bodies  to  be  seen  by  light  transmitted  through 
them. 

Q.  Why  are  hex  paper  and  calico  (which 
are  opaque)  made  transparent  by  being  oiled  ? 
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A.  Because  the  pores  are  filled  by 
the  oil,  which  has  a different  refractive 
power  to  the  substance  of  the  paper 
itself : — by  this  means  the  substance 
acquires  the  property  of  transmitting 
vibrations  of  light. 

Q.  Why  are  some  things  shining,  and 
others  dull  P 

A.  Because  some  things  reflect  rays, 
and  are  bright ; hut  others  absorb  them. 

Q.  Why  do  deserts  dazzle  from  sunshine  ? 

A.  Because  each  grain  of  sand  reflects 
the  rays  of  the  sun,  like  a mirror. 

Q Why  are  the  edges  of  clouds  more 
luminous,  than  their  centres  ? 

A.  Because  the  body  of  vapour  is 
thinnest  at  the  edges  of  the  clouds. 

Q.  Why  is  a ray  of  light  composed  of 
VARIOUS  COLOURS? 

A.  To  vary  the  colour  of  different 
objects.  If  solar  light  were  of  one  uni- 
form colour,  all  objects  would  appear  of 
that  one  colour,  or  else  black. 

Q.  i Some  things  are  of  one  colour,  and 

some  of  another.  Explain  the  cause  of  this. 

A.  Every  ray  of  light  is  composed  of 
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all  the  colours  of  the  rainbow ; and  some 
things  reflect  one  of  these  colours,  and 
some  another. 

Q.  Why  do  some  things  reflect  one  colour, 
and  some  another  ? 

A.  Because  the  surface  of  things  is 
differently  constructed,  both  physically  and 
chemically. 

As  the  thickness  of  a cord  affects  the  tone  of  it,  so  the  thickness  of 
a lamina  affects  its  colour,  as  may  be  seen  in  a soap  bubble.  Thin 
tight  cords  produce  sharp  shrill  sounds,  and  thin  lamince  produce 
blue  and  violet  colours.  Thick  loose  cords  produce  deep  bass  sounds, 
and  thick  laminae  red  colours. 

Q.  Why  is  a violet  blue  ? 

A.  Because  the  undulations  of  ether, 
which  touch  its  surface,  are  thrown  back 
with  the  utmost  rapidity ; as  the  undu- 
lations of  sound  from  a very  thin  tight 
cord  of  an  zEolian  harp. 

Blue,  or  rather  purple,  is  the  high  treble  vibration  of  light,  like  the 
upper  C in  music.  In  order  to  produce  violet  colour,  the  undulations 
of  ether  must  be  699  millions  of  millions  per  second  : and  in  order 
to  make  high  C in  music,  a cord  must  vibrate  516  times  per  second. 

Q.  Why  is  a rose  he d ? 

A.  Red  is  the  deep  bass  vibration  of 
ether,  in  which  the  undulations  are  as 
slow  as  they  possibly  can  be,  in  order 
to  be  apparent. 
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Hence  the  blind  man,  who  said  “ the  deep  blast  of  a trumpet  was 

scarlet,”  felt  an  analogy,  which  science  corroborates. 

To  produce  red,  the  ether  must  be  jerked  off  the  surface  of  the 
body  at  the  rate  of  477  millions  of  millions  vibrations  in  a second : 
and  in  "rder  to  make  low  C in  music,  the  air  must  vibrate  only  258 
times  m a second. 

Q.  Why  is  a primrose  yellow  ? 

A.  Yellow  is  made  by  the  medium 
vibrations,  as  the  middle  C in  music. 

Q.  W hy  are  some  things  black,  like  coals  t 

A.  Because  their  surface  will  not 
reflect  the  undulations  of  ether  which 
touch  it : in  consequence  of  which,  they 
cease. 

These  surfaces  are  to  light , what  insonorous  substances  are  to 
sound. 

Q.  Why  are  some  things  white,  like  a lily  ? 

A.  Because  their  surface  is  so  con- 
structed as  to  set  in  motion  the  undula- 
tions of  ether,  so  that  all  the  rays  are 
reflected  together,  as  harmonious  tones 
in  a full  chord  of  music. 

Q.  Why  are  froth,  spray,  many  CLOUDS, 
FAT,  LIME,  THREAD,  fyc.,  SfC.,  white  ? 

A.  Because  they  consist  of  an  infinite 
number  of  little  particles  piled  one  upon 
another,  which  are  abl«  to  reflect  all  the 
coloured  ravs 


420 


LIGHT. 


Q.  Why  are  bokes  white? 

A.  Because  they  are  composed  of 
very  small  straight  pipes,  capable  of 
reflecting  all  the  colours  together : 60<J 
would  be  no  thicker  than  a hair. 

On  the  colour  of  snow,  sugar,  salt,  &c,,  see  p.  351. 

Q.  Why  are  the  leates  of  plants  green  ? 

A.  Because  a peculiar  chemical  prin- 
ciple, called  cho'rophyll,  is  formed  within 
their  cells. 

Chlorophyll  <f>£\\ov,  {a  green  l erf)  is  the  green  matter 

of  vegetable  substances.  Pronounce  klo'-ro-fill. 

Q.  Why  are  leaves  a light  green  in  spein g ? 

A.  Because  the  chlorophyll  is  not 
fully  formed. 

Q.  Why  do  leaves  turn  beown  in  atjtitmn  ? 

A.  Because  the  chlorophyll  under- 
goes decay ; and  is  not  replaced  as  it  is 
in  spring. 

Q.  Why  are  plants  a pale  yellow,  when 
kept  in  the  daek  P 

A.  Because  chlorophyll  can  he  formed 
only  by  the  agency  of  the  suns  rays. 

Q.  Why  are  potatoes  yellow  ? 

A.  Because  they  are  grown  under- 
ground : and  therefore,  can  form  no 
chlorophyll  in  their  tubers. 
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Q.  Why  are  potatoes  (which  grow  exposed 
to  the  air  and  light ) gbeen  ? 

A.  Because  chlo'rophyll  is  formed  in 
them,  under  the  influence  of  the  sun’s 
light. 

Q.  Why  do  the  stabs  twinkle  ? 

A.  Because  rays  of  light,  proceeding 
from  the  same  centre  of  vibration,  destroy 
each  other,  owing  to  the  inequality  of 
their  paths,  producing  recurring  periods 
of  momentary  darkness. 


The  differing  refrangibility  of  the  atmospheric  strata  passed 
through,  is  the  principal  cause  of  the  inequality  in  the  motion  of 
the  successive  systems  of  waves. 

The  similarity  between  sound  and  light  has  been  already  adverted 
to  in  pp.  418,  419. — In  this  particular  we  find  another  forcible  re- 
semblance, viz. : 

I.  Two  SOUNDS  INTERCEPTING  EACH  OTHER’S  OSCILLATIONS  at 
opposite  phases,  will  both  be  silenced. 

Vibrate  a tuning  fork,  and  hold  it  over  the  mouth  of  a glass 
beaker,  the  air  will  instantly  assume  sonorous  vibrations,  and  a 
tone  will  be  produced. 

Now  hold  a beaker  at  right  angles  to  the  other,  and  the  musical 
tone  will  instantly  cease.  Withdraw  the  second  glass,  and  the  tone 
returns.  Hold  it  again  at  right  angles  to  the  other,  and  the  tone  is 
silenced ; and  this  may  be  repeated  several  times. 

II.  So  also  TWO  RAYS  OF  LIGHT  INTERCEPTING  EACH  OTHER  at 
opposite  phases,  will  produce  darkness. 

Because  the  depression  of  one  set  of  waves  will  he  exactlr  mea- 
sured by  the  elevation  of  the  other  set,  and  vice  versa.  To  exsaun 
this. — 
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If  B were  fitted  into  A,  as  the  depression  of  B is  exactly  com- 
mensurate with  the  elevation  of  A,  the  two  wavy  lines  would  make 
a level  surface. 


Again,  suppose  A the  undulations  of  one  star,  and  B those  of 
another,  exactly  half  a phase  different,  then  it  is  evident  that  the 
elevations  and  depressions  of  A would  be  exactly  destroyed  by  the 
depressions  and  elevations  of  B ; and  the  result  of  such  an  inter- 
ference may  be  illustrated  by  the  following  algebraic  formula: 


* * * * 


Here  A D is  a wave,  A C one  phase,  C D its  opposite  phase. 

Q.  If  you  move  a stick  (burnt  at  one  end) 
'pretty  briskly  bound,  it  seems  to  make  a cibclb 
or  fiee,  -Why  is  this  ? 

A.  Because  the  eye  retains  the  image 
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of  any  bright  object,  after  llie  object  itself 
is  withdrawn;  and  as  the  spark  of  the 
stick  returns  before  the  image  has  faded 
from  the  eye,  it  seems  to  form  a complete 
circle. 

Q.  If  separate  figures  (as  a man  and  a horse) 
be  drawn  on  different  sides  of  a card , and  the 
card  twisted  quickly , the  man  will  seem  to  he 
seated  on  the  horse , — Why  is  this  ? 

A.  Because  the  image  of  the  horse 
remains  upon  the  eye,  till  the  man  appears. 

The  Thaumatrope  is  constructed  on  this  principle ; it  was  invented 
by  Dr.  Paris,  and  consisted  at  first  of  a piece  of  circular  card,  having 
two  silk  strings  fastened  at  the  two  extremes  of  its  diameter  : by 
twisting  the  strings,  the  card  is  turned  round  with  great  rapidity, 
and  the  man  on  one  side  of  the  card  seems  seated  on  the  horse 
painted  on  the  obverse  side.  The  magnificent  conform»tions  of 
coloured  waves,  by  the  same  instrument,  is  a great  improvement 
on  the  original  toy. 

Q.  If  we  look  at  a he T>-hot  eiee  for  a few 
minutes , why  does  every  thing  seem  tinged  with 
a BLUISH  GEEEN  colour  ? 

A.  Because  bluish  green  is  the 
“ accidental  colour”  of  red : If  we  fix 
our  eye  upon  any  colour  whatsoever,  we 
see  every  object  tinged  with  its  accidental 
colour,  when  we  turn  aside. 

“Accidental  colour,”  see  note,  p.  425. 
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Q.  Why  does  the  eye  perceive  the  accidental 
colode,  when  the  fundamental  one  is  removed? 

A.  Because  the  nerve  of  the  eye  has 
become  tired  of  the  one,  but  still  remains 
fresh  for  the  perception  of  the  other. 

Q.  If  we  wear  blue  glasses,  why  does  every 
thinq  appear  tinqed  with  oeange,  when  we  take 
them  off? 

A.  Because  orange  is  the  “ accidental 
colour  ” of  blue  : and  if  we  look  through 
blue  glasses , we  shall  see  its  “ accidental 
colour,”  when  we  lay  our  glasses  aside. 

Q.  If  we  looJc  at  the  s vis  for  a few  moments, 
every  thing  seems  tinged  with  a yiolet  colour , — 
Why  is  this? 

A.  Because  violet  is  the  “ accidental 
colour  ” of  yellow ; and  as  the  sun  is  yel- 
low, we  shall  see  its  “ accidental  colour” 
blue,  when  we  turn  from  gazing  at  it. 

Q.  Does  not  the  dark  shadow  ( which  seems 
to  hang  over  every  thing , after  we  turn  from 
looking  at  the  sun ) arise  from  our  eyes  being 
DAZZLED  ? 

A.  Partly  so  : the  pupil  of  the  eye  is 
very  much  contracted  by  the  brilliant  light 
of  the  sun,  and  does  not  adjust  itself 
immediately  to  the  feebler  light  of  terres- 
trial objects;  but,  independent  of  this, 
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the  “ accidental  colour”  of  the  sun 
being  dark  violet,  would  tend  to  throw  a 
shadow  upon  all  things.  ( See  p.  383.) 

Q.  Why  is  black  glass  for  spectacles  the 
best  for  wear,  in  this  respect  ? 

A.  Because  white  is  the  accidental 
colour  of  black ; and  if  we  wear  black 
glasses,  every  thing  will  appear  in  white 
light,  when  we  take  them  otf. 

Q.  Why  does  every  thing  seem  shadowed  with 
a black  mist,  when  we  take  off  our  common 

SPECTACLES  ? 

A.  Because  the  glasses  are  white : 
and  black  being  its  “ accidental  colour,” 
every  thing  appears  in  a black  shade , 
when  we  lay  our  glasses  down. 

The  accidental  colour  of  red  is  bluish  green. 

„ „ „ of  orange  „ blue. 

„ „ „ of  violet  „ yellow. 

„ „ „ of  black  „ white. 

And  the  converse  of  this  is  true  : — 

The  accidental  colour  of  bluish  green  is  red. 

„ „ „ of  blue  „ orange. 

„ „ „ of  yellow  „ violet. 

„ „ „ of  white  „ black. 

(The  law  of  an  accidental  colour  is  this — The  accidental  colour  is 
always  half  the  spectrum.  Thus  if  we  take  half  the  length  of  the 
spectrum  by  a pair  of  compasses,  and  fix  one  leg  in  any  colour,  the 
other  leg  will  hit  upon  its  accidental  colour.) 

N.B.— The  spectrum  means  the  seven  colours  (red,  orange,  yellow, 
green,  blue,  indigo,  and  violet,)  divided  into  seven  equal  bands,  and 
placed  side  by  side  in  the  order  just  mentioned. 
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CHAPTER  XXVIII. 


SOUND. 


Q.  Sow  is  sound  produced  ? 

A.  The  vibration  of  some  sonorous 
substance  produces  a corresponding  mo- 
tion in  the  air,  which  strikes  upon  the 
drum,  of  the  ear,  and  gives  the  sensation 
of  sound. 

Q.  What  are  musical  sounds  ? 

A.  Regular  and  uniform  successions 
of  vibrations. 

Q.  Ho  vi  fast  does  sound  travel  ? 

A.  About  13  miles  in  a minute,  or 
1142  feet  in  a second  of  time. 

Light  would  go  8 times  round  the  whole  earth,  while  sound  is 
going  its  13  miles. 

Q.  Why  are  some  things  sonorous , and  others 

NOT  ? 

A.  The  sonorous  quality  of  any 
substance,  is  connected  with  its  hardness 
and  elasticity . 

Q.  Why  are  copper  and  iron  sonorous , 
and  not  lead  ? 
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A>  Because  copper  and  iron  are  hard 
and  elastic  ; but  lead,  being  neither  hard 
nor  yet  elastic,  is  not  sonorous. 

Q.  Of  what  is  bell-metal  made  ? 

A.  Of  copper  and  tin  in  the  following 
proportions  : — In  every  5 pounds  of  bell- 
metal,  there  should  be  1 lb.  of  tin,  and 
4 lbs.  of  copper. 

Q.  Why  is  this  mixture  of  tin  and  copper 
used  for  bell-metal  ? 

A.  Because  it  is  much  harder  and 
more  elastic , than  any  of  the  pure 
metals. 

Q.  Why  is  the  sound  of  a hell  stopped,  by 
touching  the  hell  with  our  finger  ? 

A.  Because  the  weight  of  our  finger 
stops  the  vibrations  of  the  bell : and  as 
».  soon  as  the  bell  ceases  to  vibrate,  it  ceases 
to  make  sound-waves  in  the  air. 

Q.  Why  does  a split  hell  make  a,  hoarse 
disagreeable  sound  ? 

A.  Because  the  split  of  the  bell 
causes  a double  vibration:  And  as  the 
sound-waves  clash  and  jar,  they  impede 
each  other’s  motion,  and  produce  discor- 
dant sounds. 
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Q.  Why  do  fiddle-stbings  give  musical 
sounds  ? 

A.  Because  the  bow  causes  them  to 
vibrate  ; and  this  vibration  sets  in  motion 
the  sound-waves  of  the  air,  and  produces 
musical  notes. 

Q.  Why  does  a drt  m sound  ? 

A.  Because  the  parchment  head  of 
the  drum  vibrates  from  the  blow  of  the 
drum-stick,  and  sets  in  motion  the 
sound-waves  of  the  air. 

Q.  Why  do  musical  glasses  give  sound t 

A.  Because  the  glasses  vibrate  when 
they  are  struck,  and  set  in  motion  the 
sound-waves  of  the  air. 

Q.  Why  do  flutes,  Sfc.,  •produce  musica , 
sounds  ? 

A.  Because  the  breath  of  the  per- 
former causes  the  air  in  the  flute  to 
vibrate  ; and  this  vibration  sets  in  motion 
the  sound-waves  of  the  air. 

Q.  Why  do  piano-foetes  produce  musical 
sounds  t 

A.  Because  each  hey  of  the  piano 
(being  struck  with  the  finger)  lifts  up  a 
little  hammer,  which  knocks  against  a 


SOUND. 


429 


string  ; and  the  vibration  thus  produced,, 
sets  in  motion  the  sound-waves  of  the  air.. 

Q.  Why  are  some  notes  bass,  and  som& 

TREBLE  ? 

A.  Because  slow  vibrations  produce- 
bass  or  deep  sounds ; but  quick  vibrations, 
produce  shrill  or  treble  ones. 

The  deepest  bass  sound  audible  is  produced  by  32  vibrations  in  a^ 
second , the  sharpest  treble  sound  by  15,000. 

The  note  of  any  higher  octave  is  produced  by  twice  as  many  vibra*- 
tions,  as  the  corresponding  note  of  the  octave  blow.  Thus  if  C om. 
the  piano  be  produced  by  258  vibrations  in  a second,  then  the  octave 
(or  eighth  note  higher)  would  be  produced  by  516  vibrations  in  the" 
6ame  time,  and  the  eighth  note  lower  by  129  vibrations.  (See  p.  418„) 

Q.  Why  is  an  instrument  flat,  when  the* 
strings  are  tjnstruno  ? 

A.  Because  the  vibrations  being  too> 
slow,  the  sounds  produced  are  not  shrill 
or  sharp  enough. 

Q.  Why  can  persons , living  a mile  or  two* 
from  a town , hear  the  hells  of  the  town-church 
sometimes,  and  not  at  others  ? 

A.  Because  fogs,  rain,  and  snow 
obstruct  the  passage  of  sound ; but  when 
the  air  is  cold  and  clear,  sound  is  propa- 
gated more  easily. 

The  direction  of  the  wind  will  often  account  for  this  fact. 

Q.  Why  can  we  not  hear  sounds  ( as  those 
of  distant  church  hells')  in  rainy  or  snowy  weather, 
so  well  as  in  eine  weather  f 
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A.  Because  falling  rain  or  snow 
interferes  with  the  undulations  of  the 
sound-waves,  and  stops  their  progress. 

Q.  Why  can  we  hear  distant  clocks  most 
distinctly  in  clear  cold  weather  ? 

A.  Because  the  air  is  of  more  uni- 
form density,  and  there  are  feivcr  currents 
of  air,  of  unequal  temperature,  to  in- 
terrupt the  sound-waves. 

Besides,  dense  air  can  .propagate  sound-waves  more  readily  than 
rarer  air. 

Q.  Why  can  persons  (near  ilie  poles)  hear 
the  yoices  of  men  in  conversation  a mile  distant 
in  winter  time  ? 

A.  Because  the  air  is  very  cold,  clear, 
and  still ; in  consequence  of  which,  there 
are  but  few  currents  of  air  of  unequal 
temperature  to  interrupt  the  sound-waves. 

Captain  Ross  heard  the  voices  of  his  men  in  conversation  a mile 
and  a half  from  the  spot  where  they  stood ; and  Lieutenant  Foster 
held  a conversation  with  a man  across  the  harbour  of  Port  Bowen, 
(in  the  North  Sea,)  a distance  of  a mile  and  a quarter. 

Q.  Why  are  not  sounds  ( such  as  those  of 
distant  church  hells J heard  so  distinctly  on  a hot 
day,  m in  frosty  weather  ? 

A.  1st. — Because  the  density  of  the 

air  is  less  uniform  in  very  hot  weather : 
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2ndly — It  is  more  rarefied and,  con- 
sequently, a worse  conductor  of  sound:, 
and 

3irdly — It  is  more  liable  to  accidental 
currents,  which  impede  the  progress  of 
sound. 

Q.  Wly  can  we  mt  hear  sounds  ( such  as 
those  of  distant  clocks)  so  distinctly  in  a thick 
mist  or  haze,  as  in  a clear  night  T 

A.  Because  the  density  of  the  air  is 
not  so  uniform  when  it  is  laden  with 
mist;  in  consequence  of  which,  its 
sound-tcaves  are  obstructed  in  their 
progress. 

Q.  Why  do  we  hear  sounds  letter  ly  night, 
than  ly  day  ? 

A.  1st — Because  night  air  is  of  more 
uniform  density , and  less  liable  to  acci- 
dental currents ; and 

2ndly — Night  is  more  still,  from  the 
suspension  of  business  and  the  hum  of 
men. 

Q.  Why  is  the  air  of  more  uniform  den- 
sity  by  night,  than  it  is  by  day? 

A.  Because  the  breezes  (created  by 
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the  action  of  the  sun’s  rays)  generally 
cease  at  night-fall. 

Q.  Mow  should  partition  walls  he  made , 
to  Prevent  the  voices  in  adjoining  rooms  from 
being  heard? 

A.  The  spaee  between  the  laths  (or 
canvass)  should  be  filled  with  shavings 
(or  saw-dust ;)  and  then  no  sound  would 
pass  from  one  room  to  another. 

Q.  Why  would  shavings , or  saw-dust , pre- 
vent the  transmission  of  sound  from  room  to 
room  ? 

A.  Because  there  would  be  several 
different  media  for  the  sound  to  pass 
through : 1st — the  air : Sndly — the  laths 
and  paper : 3rdly— the  saw-dust  or  sha- 
vings : 4thly — lath  and  paper  again : 
5thly — the  air  again  : and  every  change 
of  medium  resists  the  progress  of  the 
sound-waves. 

Q.  Why  can  deaf  people  hear  through  an 
EAE  TBUMPET  ? 

A.  Because  it  restrains  the  spread  of 
the  voice,  and  limits  the  diameter  of  the 
sound-waves;  in  consequence  of  which, 
their  strength  is  increased. 

Q.  Why  are  mountains  noiseless  and  quiet! 
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A.  Because  the  air  of  mountains  is 
very  rarefied ; and  rarefied  air  is  a bad 
medium  for  conducting  sound. 

On  the  other  hand,  slight  sounds  in  a diving-bell,  when  the  air  is 
much  condensed  by  the  upward  pressure  of  the  water,  are  very 
intense,  and  sometimes  even  painful. 

Q.  How  do  you  know,  that  the  rarity  of  air 
diminishes  the  intensity  of  sound  ? 

A.  If  a bell  be  rung  in  the  receiver 
of  an  air  pump,  the  sound  becomes 
fainter  and  fainter,  as  the  air  is  exhausted; 
till  at  last  it  is  almost  inaudible. 

Q.  What  is  the  cause  of  echo  ? 

A.  Whenever  a sound-wave  strikes 
against  any  obstacle  (such  as  a wall  or 
hill]  it  is  reflected  (or  thrown  back);  and 
this  reflected  sound  is  called  an  echo. 

The  same  laws  govern  echo  as  light.  ( See  p.  387.) 

Q.  What  places  are  most  famous  for  echo? 

A.  Caverns,  grottoes,  and  ruined 
abbeys ; the  areas  of  halls ; the  windings 
of  long  passages : the  aisles  of  cathedral 
churches  :*  mountains,  and  icebergs. 

Q.  Why  are  caverns , and  grottoes , famous 
for  ECHOES  ? 

A.  Because  the  sound-waves  which 
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cannot  pass  through  the  cavern  or  grotto, 
are  driven  back  again  from  their  sides. 

Q.  Why  are  halls,  winding  passages,  ruins, 
and  cathedral  aisles,  famous  for  echoes  ? 

A.  Because  the  sound  waves  cannot 
flow  freely  forward  in  them : hut  strike 
against  the  opposing  walls  and  are 
beaten  back. 

Q.  Why  are  mountains  and  ice-bergs 
FAMOUSjfor  ECHOES? 

A.  Because  they  present  an  insur- 
mountable barrier  to  the  sound-waves, 
and  throw  them  back  again. 

Q.  Why  do  not  the  walls  of  an  ordinary 
EOOM  or  small  church  produce  perceptible  echo  ? 

A.  Because  sound  travels  with  such 
velocity,  that  the  echo  is  blended  with  the 
original  sound ; and  the  two  produce  but 
one  impression  on  the  air. 

Sound  travels  13  miles  in  a minute ; and  no  perfect  echo  is  heard 
unless  the  surface  (against  which  the  sound  strikes)  is  65  feet  from 
the  place  whence  the  sound  originally  proceeded. 

Q.  Why  do  very  large  buildings  (as  cathe- 
drals),  often  reverberate  the  voice  of  the 
speaker  ? 

A.  Because  the  walls  are  so  far  off 
from  the  speaker  that  the  echo  does  not 
get  back  in  time  to  blend  with  the  original 
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sound ; and,  therefore,  each  is  heard 
separately. 

Q.  Why  do  some  echoes  repeat  only  one 
syllable  ? 

A.  Because  the  echoing  body  is  very 
near.  The  further  the  echoing  body  is 
off,  the  more  syllables  it  will  reflect : If, 
therefore,  it  be  very  near , it  will  repeat 
but  one  syllable. 

Q.  Why  does  an  echo  sometimes  repeat  two 
or  more  syllables  ? 

A.  Because  the  echoing  body  is  far 
of;  and  there  is  time  for  one  reflection 
to  pass  away,  before  another  reaches  the 
ear. 

N.B.— AH  the  syllables  must  be  uttered  before  the  echo  of  the 
first  syllable  reaches  the  ear — If,  therefore,  a person  repeats  seven 
syllables  in  two  seconds  of  time,  and  hears  them  dll  echoed,  the 
reflecting  object  is  1142  feet  distant;  (because  sound  travels  1142 
feet  in  a second,  and  the  words  take  one  second  to  go  to  the  reflect- 
ing object,  and  one  second  to.  return.) 

Q.  Why  are  two  or  more  echoes  sometimes 
heard  ? 

A.  Because  separate  reverberating 
surfaces  receive  the  sound,  and  reflect  it 
in  succession. 

Seventeen  miles  above  Glasgow  (Scotland)  near  a mansion  called 
Rosneath,  is  a very  remarkable  echo.  If  a trumpeter  plays  a tune, 
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the  echo  will  begin  the  same  time  and  repeat  it  all  accurately  : — aa 
soon  as  this  echo  has  ceased,  another  will  echo  the  same  tune  in  a 
lower  tone  ; and  after  the  second  echo  has  ceased,  a third  will  suc- 
ceed with  equal  fidelity,  though  in  a much  feebler  tone. 

At  the  Lake  of  Eillarney,  in  Ireland,  there  is  an  echo,  which 
plays  an  excellent  “ second  ” to  any  simple  tune  played  on  a bugle. 

Q.  Why  do  windows  battle  when  carts 
pass  by  a house  ? 

A.  1st — Because  glass  is  sonorous; 
and.  the  air  communicates  its  vibrations 
to  the  glass,  which  echoes  the  same 
sound:  and 

2ndly — The  window-frame  being  sha- 
ken, contributes  to  the  noise. 

Window  frames  are  shaken,  1— By  sound-waves  impinging 
against  them  ; 2. — By  a vibratory  motion  communicated  to  them  by 
vne  walls  of  the  house. 


CHAPTER  XXIX. 


MISCELLANEOUS. 


Q.  Why  do  the  bubbles  in  a cup  of  TEA 
range  round  the  sides  of  the  cup  ? 

A.  Because  the  cup  attracts  them. 
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Q.  Why  do  all  the  little  bubbles  tend 
towards  the  labge  ones  ? 

A Because  the  large  bubbles  (being 
the  superior  masses)  attract  them . 

Q.  Why  do  the  bubbles  of  a cup  of  tea 
follow  a tea-spoon  ? 

A.  Because  the  tea-spoon  attracts 

them. 

Q.  Why  are  the  sides  of  a pond  covered 
with  leaves,  while  the  middle  of  the  pond  is 
quite  clear  ? 

A.  Because  the  shore  attracts  the 

leaves  to  itself. 

If  thei  e be  any  wind  stirring1,  it  will  drive  floating  bodies  to  one 
side  independently  of  this  attractive  force. 

Q.  Why  do  all  fruits,  Sfc.  (when  severed  from 
the  tree ) fall  to  the  earth  ? 

A.  Because  the  earth  attracts  them. 

Q.  Why  do  persons  (who  water  plants)  very 
often  pour  the  water  into  the  saucer,  and  not 
over  the  plants  p 

A Because  the  water  in  the  saucer 
is  drawn  up  by  the  mould  (through  the 
hole  at  the  bottom  of  the  flower-pot) 
and  transferred  through  the  root  to  the 
stem  and  leaves  of  the  plant  by  capillary 
attraction.  {Seep.  76.) 
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Q.  Why  is  vegetation  on  the  margin  of  a 
river  more  luxuriant,  than  in  an  open  field  ? 

A.  Because  the  porous  earth  on  the 
bank  draws  up  water  to  the  roots  of  the 
plants  by  capillary  attraction. 

Q.  Why  is  a lump  of  sugar  ( left  at  the 
bottom  of  a cup)  so  long  in  melting 

A.  Because  (as  it  melts)  it  makes  the 
tea  around  it  heavier : and  (so  long  as  it 
remains  at  the  bottom)  is  surrounded  by 
tea  fully  saturated  with  sugar;  in  con- 
sequence of  which,  the  same  portions  of 
liquid  will  hold  no  more  sugar  in  solution. 

Q.  Why  does  a lump  of  sugar  melt  more 

QUICKLY,  when  STIRRED  ABOUT  ? 

A.  Because  fresh  portions  of  unsatu- 
rated tea  come  in  contact  with  the  lump, 
and  soon  dissolve  it. 

Q.  Why  does  a piece  op  sugar  (held  in  a 
spoon  at  the  top  of  our  tea)  melt  very  rapidly  ? 

A.  Because,  as  the  tea  becomes 
sweetened,  it  descends  to  the  bottom  of  the 
cup  by  its  own  gravity ; and  fresh  portions 
of  unsweetened  tea  are  brought  con- 
stantly into  contact  with  the  sugar,  till 
the  lump  is  entirely  dissolved. 
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Q.  How  can  a sick  boom  be  kept  trim  from 
unhealthy  effluvia  i ' 

A.  By  sprinkling  it  with  a solution 

chloride  of  lime. 

Q Why  is  CHLOEIDE  of  LIME  used  to 
fumigate  a sick  room  ? 

A.  Because  the  chlorine  absorbs  the 
noxious  gases  of  the  confined  air ; and  by 
this  means  removes  both  the  offensive 
smell  and  the  infection  of  a sick  room. 

Q,  Why  does  lime  destroy  the  offensive 
smells  of  bins,  seweks,  Sfc.  ? 

A.  Because  it  decomposes  the  offen- 
sive gases  upon  which  the  smell  depends, 
and  destroys  them,  by  chemical  union. 

Q.  How  can  the  taint  of  meat  he  removed  ? 

A.  Either  by  washing  with  pyrolig- 
neous acid, — or  by  covering  the  meat 
for  a few  hours  with  common  charcoal, 
or  by  putting  a few  lumps  of  charcoal 
into  the  water  in  which  it  teas  boiled. 

Q.  Why  do  these  things  destkov  the  taint 
of  meat  ? 

A.  Because  they  combine  with  the 
putrescent  particles,  and  neutralize  their 
offensive  taste  and  smell. 
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SLEEP. 

Q.  Why  should  bed-booms,  cottages,  hos- 
pitals, and  stables,  be  washed  occasionally  with 
LIME-WHITE  ? 

A.  Because  lime  is  very  caustic , and 
removes  all  organic  matters  adhering  to 
the  walls. 

Q.  Why  is  a dead  man  taller  than  a living 
one  ? 

A.  Because  at  death  the  cartilages 
are  relaxed.  So,  also,  after  a night’s 
rest,  a man  is  taller  than  when  he  went 
to  bed. 

Q.  What  is  sleep  ? 

A.  Sleep  is  the  rest  of  the  brain, 
and  the  sensitive  and  motor  parts  of  the 
nervous  system. 

“Motor”  (from  the  Latin  moreo  to  move,)  those  parts  which  are 
connected  with  animal  motion. 

Q.  Why  do  we  not  see,  when  we  are  asleep 
with  our  eyes  open  ? 

A.  Because  the  “ retina  of  the  eye” 
is  inactive  and  at  rest.  (See  p.  406.) 

Q.  Why  do  we  not  heak  in  sleep  ? 

A.  Because  the  nerve  of  hearing 
(seated  within  the  tympanum  of  the  ear) 
is  at  rest. 
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Q.  Why  do  we  not  taste,  when  we  are 
asleep  ? 

A.  Because  the  nerves  at  the  end  of 
the  tongue  (called  papillae)  are  inactive 
and  at  rest. 

Q.  Why  do  we  not  feel  when  we  are  asleep  ? 

A.  Because  the  ends  of  the  nerves 
('called  papillae)  situated  in  the  skin,  are 
inactive  and  at  rest. 

Some  of  the  phenomena  of  dreaming  seem  to  show  that  the  func- 
tions of  the  organs  of  sense  are  performed.  It  is  the  power  of 
perception  rather  that  is  dormant. 

Q.  Why  have  persons  in  sleep  no  will  of 
their  own , hut  may  he  moved  at  the  will  of  any  one  ? 

A.  Because  the  entire  nervous  system , 
upon  some  of  whose  functions  the  exer- 
cise of  will  depends,  is  inactive  and 
%t  rest. 

Q.  Why  has  a dreamer  no  power  of  judg- 
ment or  reason  ? 

A.  Because  the  parts  of  the  brain 
concerned  in  the  performance  of  these 
functions  are  inactive  and  at  rest. 

Q.  Why  does  a person  feel  when  he  is 
TOUCHED? 

A.  Because  the  ends  of  certain  nerves 
which  terminate  in  the  skin,  are  excited  ; 
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and  this  produces  a nervous  sensation, 
called  FEELING. 

The  termination  of  the  nerves  mentioned  are  called  “ Papillae.” 

Q.  Why  are  persons  able  to  taste  different 

FLAVOURS  ? 

A.  Because  the  “papillae”  of  the 
tongue  and  palate  are  excited  when  food 
touches  them ; and  this  produces  a 
nervous  sensation,  called  taste. 

Q.  What  is  the  use  of  saliva  ? 

A.  1st — It  mixes  mechanically  with 
our  food,  reducing  it  to  a soft  pulpy 
state : and 

2ndly — It  has  certain  chemical  pro- 
perties, which  greatly  assist  digestion. 

Q.  Why  does  the  savour  of  delicious  food 
make  the  mouth  of  a hungry  man  water? 

A.  Because  the  salivary  glands  are 
excited  by  the  savour  of  the  food. 

This  is  a wise  provision  of  God,  who  thus  excites  the  flow  of 
saliva  by  the  odour  of  the  food,  before  it  is  needful  to  masticate  and 
swallow  it. 

Q.  Why  is  s ALIYA  frothy  ? 

A.  Because  it  contains  air,  in  order 
that  it  may  introduce  oxygen  into  the 
stomach. 


APPENDIX  OF  MISCELLANEOUS  QUESTIONS 

For  the  ingenious  reader  to  solve. 

The  figures  refer  to  the  page,  where  some  cognate  question  may  be  found. 

1.  Why  does  abundance  of  dew  in  the  morning  indicate  that  the 
day  will  be  fine?  p.  211. 

2.  Why  does  an  oar  in  water  appear  bent  ? p.  404. 

3.  If  a piece  of  brown  paper  be  submitted  to  the  action  of  a 
turning-glass , it  will  catch  fire  much  sooner  than  a piece  of  white 
paper  would  : Why  so?  p.  195. 

4.  Why  does  a blue  dress  appear  green  by  candle-light  ? p.  47, 

5.  Why  does  the  sun  look  red  in  a fog  ? p.  145. 

6.  An  ink-spot  on  linen  is  first  black , why  does  it  afterwards  turn 
yellow  ? p.  419. 

7.  Why  is  it  dangerous  to  row  a boat  under  a bridge? 

8.  Why  does  a candle  flicker,  especially  j,ust  previous  to  its  being 
burnt  out  ? p.  80. 

9.  If  the  “copper”  (or  boiler)  attached  to  a kitchen  range  be 
filled  with  cold  water  after  the  fire  has  been  lighted  some  time,  it 
Will  very  often  burst:  Why?  pp.  126,  127. 

10.  Why  do  all  things  appear  black  in  the  dark  ? p.  418. 

11.  Why  are  the  flag-stones  of  our  streets  frequently  loosened 
after  a frost  ? p.  367. 

12.  Why  is  a room  warmer  when  the  window  curtains  are  drawn  t 
pp.  182,  183. 

13.  Why  are  rooms  much  warmer  for  being  furnished  with 
double  doors  and  windows  like  Kensington  Palace?  pp.  18 ’,  183. 

14.  Why  is  loose  clothing  warmer  than  that  which  fits  close  ? 
p.  183. 

15.  Why  does  wetting  a cornelian  make  it  more  transparent? 
p.  421. 

16.  Why  does  painting  iron  prevent  it  from  rusting  ? p.  259. 

17.  Why  is  a dull  fire  revived  by  sweeping  clean  the  hobs,  bars, 
ash-grate,  &c.,  of  the  stove  ? pp.  52,  53. 

1 8.  Why  does  stirring  a dull  fire  serve  to  quicken  it  ? pp.  52,  53. 

19.  Why  does  soapy  water  “ lather?”  p.  365. 

20.  Why  is  well-made  bread  full  of  holes  or  eyes  ? p.  288. 

21.  Why  do  the  sails  of  a wind-mill  turn  round?  p.  113. 

22.  If  you  strike  a finger-glass,  why  is  the  sound  silenced  by 
touching  the  glass  with  your  finger?  p.  426. 

23.  Why  does  a wet  sponge  clean  a slate  ? p.  362. 


444  MISCELLANEOUS  QUESTIONS. 

24.  Why  do  stars  twinkle  more  than  usual  just  previous  to  rain  f 
p.  421 

25.  Why  does  milk  boil  over  more  readily  than  water  ? p.  365. 

26.  If  a picture  be  glazed , you  cannot  see  it  in  certain  positions : 
Why  not  ? p.  396. 

27.  Dust  very  rarely  flies  by  night : Why  so  ? p.  227. 

28.  Why  does  the  cork  of  a soda-water  bottle  make  a loud  report, 
when  drawn  ? p.  108. 

29.  Why  does  the  cork  of  a soda-water  bottle  fly  off,  as  soon  as  it 
has  been  released  from  the  bond  which  held  it  in?  p.  277. 

30  Why  do  our  hands  and  lips  chap  in  frosty  and  windy  weather? 
p.  333. 

31.  When  a Hack  subsoil  is  dug  or  ploughed  up,  it  turns  of  a 
reddish  brown  after  a short  time  : Why  is  this  ? p.  260. 

32.  Why  are  decaying  vegetables  always  wet  ? p.  284. 

33.  If  a house  be  faced  with  stucco  to  resemble  stone,  why  does 
the  facing  very  often  flake  off  in  winter,  and  leave  the  house  un- 
sightly? 375. 

34.  Why  do  the  lustres  of  a chandelier  seem  tinted  with  such 
various  and  beautiful  colours  ? p.  411. 

35.  Horn  is  transparent , why  are  not  horn  shavings  transparent 
also?  p,  416. 

36.  When  a glazier  is  mending  a window,  and  cleans  the  pane 
with  his  brush,  why  do  the  loose  pieces  of  putty  (on  the  opposite 
side  of  the  window-pane)  dance  up  and  down  ? p.  293. 

37.  When  you  rub  a piece  of  paper  with  Indian  rubber , why  is  it 
tticky  ? p.  29 

38.  If  you  dry  a piece  of  common  brown  paper  by  the  fire,  and 
|raw  it  once  or  twice  between  your  two  knees , why  will  it  stick  fast 
Id  the  wall  ? p.  29 

39.  Why  can  persons  be  heard  (in  a calm  day)  at  a greater  distance 
on  the  sea , than  on  land  ? p.  430. 

40.  The  height  of  mountains  may  be  ascertained  by  a barometer : 
Explain  the  reason  of  this  ? p.  335. 

41.  How  does  starch  assist  in  giving  a smooth  glazed  surface  to 
linen  ? p.  421. 

42  If  a drop  of  water  be  spilt  on  a table  clot h,  why  will  it  spread 
in  all  directions?  p.  76. 

43.  Why  does  salt  preserve  meat?  p.  438, 

44.  Why  does  melted  wax  become  hard  when  cold  ? p . 169, 

45.  Why  does  paint  often  blister  from  heat  ? p.  375. 

46.  Why  are  rotting  leaves  hot  ? pp.  58,  283. 

47.  Why  are  rotting  leaves  damp  ? p.  283. 

48.  Why  does  bread  become  hard,  after  it  has  been  kept  a few 
days  t p.  169. 
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49.  Why  are  plants  white  which  are  kept  in  the  dark?  p.  420. 

50.  Why  does  oil  become  thick  in  winter-time  ? 

51.  Why  does  a pop-gun  make  a loud  report  when  the  paper  bullet 
Is  discharged  from  it  ? j?.  107. 

52.  Why  does  steam  make  the  engine  of  a locomotive  whistle  t 

p.  116, 

53.  Why  will  bright  iron  lose  its  polish,  by  being  put  into  afire  9 
p.  258. 

54.  Why  does  sound  seem  louder  in  caves  than  on  a plain  ? p.  431. 

55.  Why  does  paint  preserve  wood  ? 

56.  Why  does  mothei  of  pearl  show  so  many  colours  ? 

57.  Wrhy  can  you  fill  a dry  glass  beyond  the  level  of  the  brim? 
pp.  436,  437. 

58.  If  you  leave  a little  tea  in  your  cup,  and  put  your  spoon  in, 
why  does  the  tea  rush  to  the  spoon  ? p.  436. 

59.  When  liquor  is  poured  from  a bottle,  why  does  it  gurgle  f 
p.  287. 

60.  Why  will  lucifer  matches  ignite  by  merely  drawing  them 
across  any  rough  surface  1 pp , 104,  298. 

61.  Why  will  they  not  ignite,  if  they  are  damp  ? 

62.  When  our  likeness  is  reflected  in  a looking-glass,  the  entire 
image  is  reversed , our  right  cheek  is  the  left  cheek  of  the  reflection; 
if  we  lift  our  right  arm,  the  reflection  moves  the  left  arm,  and  vice 
versa : Why  is  this  ? p.  388. 

63.  A silver  tea-spoon  becomes  more  heated  by  hot  tea  than  one 
of  inferior  metal  (as  German  silver,  Nickell,  &c.) : Why?  p.  172. 

64 . If  you  scrape  a slip  of  paper  with  a knife,  why  will  the  paper  curl  ? 

65.  Why  does  the  stopple  of  a decanter  stick  fast,  if  it  be  put  in  damp  ? 

66.  Why  does  the  stopple  of  a smelling  bottle  often  stick  fast  ? 

67.  Decaying  vegetables  are  first  of  a brownish  tint,  why  do  they 
afterwards  turn  of  a deep  black  ? 

68.  Why  is  an  oak  struck  by  lightning  more  frequently  than  any 
other  tree  ? 

69.  Why  does  a lobster , which  is  black  while  alive,  turn  red  by 
being  boiled  i 

70.  Why  does  a shrimp , which  is  nearly  white  while  alive,  turn 
ted  by  being  boiled  ? 

71.  Wrhy  is  the  shadow  of  the  moon  stronger  than  the  shadow  of 
the  sun  ? 

72.  Why  does  hartshorn  take  out  the  red  spot  in  cloth,  produced 
by  sulphuric  or  any  other  acid  ? 

73.  Why  will  powdered  sulphur  quench  fire  more  rapidly  than 
water  ? 

74.  How  does  starch  serve  to  stiffen  linen  T 
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75.  Why  should  lightning  conductors  be  pointed  ? 

76.  Why  do  bricks  turn  green,  after  they  have  been  exposed  to 
the  weather  ? 

77  When  potatoes  are  boiled , why  are  those  at  the  top  of  the 
boiler  cooked  sooner  than  those  neaier  to  the  fire? 

78.  If  a silver  spoon , which  has  been  tarnished  by  an  egg , be 
rubbed  with  a little  salt , why  will  the  tarnish  disappear? 

79.  Why  are  books  discoloured  by  age  or  damp  ? 

80.  Why  does  sour  milk  curdle  ? 

81.  Why  does  churning  milk  convert  it  into  butter  f 

82.  Why  does  the  sun  or  fire  warp  wood  ? 

83  Why  does  the  sun  fade  artificial  colours  ? 

84.  When  a knife  is  sharpened  on  a grindstone,  why  is  oil  or 
water  used  ? 

85.  Why  does  bread  become  mouldy,  after  it  has  been  kept  a few 
days? 

86.  Why  does  meat  putrefy  sooner  in  hot,  damp  weather,  then  in 
cold  ? 

87.  Birds,  after  they  are  killed,  keep  longer  in  their  feathers  than 
■when  they  are  plucked  : Why  is  this  ? 

88.  Why  do  plants,  which  are  kept  in  a window,  bend  to  the  glass  t 

89.  'Why  does  Indian  rubber  erase  pencil  marks  from  paper  ? 

90.  Why  does  water  rot  wood  ? 

91.  Why  does  water  make  a hissing  noise  when  it  is  poured  on 
fire  ? 

92.  Why  will  hot  iron  bend  more  easily  than  cold  ? 

93.  Why  does  iron  turn  first  red  and  then  white  from  heat  t 

94.  Why  does  hot  water  freeze  more  quickly  than  cold  i 

95.  Why  does  water  freeze  more  quickly  than  milk  f 

96.  Why  are  glue , gum,  starch,  and  paste  adhesive  ? 

97.  Why  does  a railway  train  make  more  noise,  when  it  passer 
over  a bridge  or  meadow,  than  when  it  runs  ov£r  solid  ground  i 

98.  Why  does  milk  boil  more  quickly  than  water  ? 

99.  Why  will  milk  burn  more  readily  than  water? 

100.  Why  is  it  impossible  to  write  on  greasy  paper  f 

101.  Why  does  rain  “ bring  down  the  cold 

102.  Why  does  turpentine  take  out  grease  spots  from  cloth? 

103.  Why  does  oxalic  acid  take  out  ink  spots? 

104.  Why  does  waxing  cotton  or  thread  make  it  stronger  t 

105.  Why  is  a stick  made  flexible  by  boiling  it? 

106.  Why  does  manure  make  land  fertile  t 
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heated  not  by  the  sun302 
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Balloons  cause  pain. . 152 
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rise  112 
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Balusters  wet 223 

Banisters  ( see  balusters) 

Barley  malted 281 

Barometer  334 
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frost 337 
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sudden  changes  347 
thunder  341 
thaw....  331 

wind 339 

differs  from  ther- 
mometer.... 334 
inventor  of  ....  346 

fall  of 348 
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dry  air..  339 
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N.  E.  wind  337 
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Barometer  ( continued ) *agr 

low  in  S.  wind..  338 

thaw 338 

torrid  zone  346 
W.  wind  . . 338 
warm  air  . . 340 

rise  of 348 

rises  in  fine  wthr.  342 
rules  for  ......  348 
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sudden  change  of  347 
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use  of 335 

a weather  glass  336 
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Barren  land  dewless  ..  216 
Bass  notes  in  music  418,429 

cause  of 418 
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resemble  scarlet  419 
Bass  preserves  flowers  213 
Batkin o,  danger  of  ..  405 
prom,  health  69 
with  ether  for 
inflammation  163 
Beakers  broken  by  heat  128 
Bears  cold  in  winter  97 
live  without  food  98 
arctic,  most  hair  183 
Beasts  covered  with  hair  182 
Beating  iron  makes  it  hot  99 
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Beer,  bottled  frothy  . . 278 
fermentation  of  279 

flat  286 

frothed  by  heat  112 

stale  286 

sour.... 280 

soured  by  lightning27 
„ not  old  beer  27 
spoiled,  if  the  vent- 
peg  be  left  out  286 
yeast  ferments . • 282 
Beer- vats  dangerous  ..  274 
Bells  heard  at  a distance430 
not  in  a fog  429 
cracked  sound  harsh  427 
riuging  dangerous  17 
silenced  by  a touch  427 


metal  of  427 

Bellows  . . . . 52 


(See  Clark's  Blower.) 
Bible  explained  181, 218,  350 


B.  carbonate  of  lime  ..  291 
Bins  purified  by  lime  . 291 

Birds  feathered 183 

hot  blooded 97 

small,  most  down  183 

Black 419 

cloth  warm 194 

colour  warm  ....  195 

cause  of  419 

eyes 199 

glass  for  spectacles  425 
hat  red  at  sea-side  361 
hole  of  Calcutta  ..  268 

insonorous  419 

kid  gloves  196 
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Black  mist 150 

skin 197 

„ will  not  blister  198 

tea-pot 205 

„ used  by  cotters  204 
,,  set  on  a hob  , 205 

warm  195 

Blacks  61 

none  to  steamers  61 
Blacksmiths  strike  fire 

by  nails  100 

Bladders  inflated..  107,301 
Blaze,  blue  ......  *.  47 

between  the  bars  4fi 
burns  up  coals.  „ 40 

yellow 47 

Blood  247,  265 

purple  248 

red 247,  2 19 

starts  from  wounds  86 

Blowers  70 

Blowing  cools  food  186,  329 

tinder 101 

Blue  442 

cause  of  . . 418,  424 
resembles  treble  418 

sky  146 

spectacles  ....  423 
sublimate  ....  488 
Broadcloth  warmest  „.  183 
Body  dead,  smells. .. . 297 

fuel  of 89 

warm  ..  87,  89,  289 
Boiler  (see  saucepan.) 

Boiling  ...  238 

water  bubbles  ..  117 
furr  of  ....  264 
heat  fixed..  241 
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Boiltno  (continued)  page 
water  makes  it  flat  288 
is  in  a ferment  239 
kept  hot  ....  209 

rattles 119 

runs  over; ...  118 

swells 117 

one  pot  in  another  120 
retarded  by  salt  ..  121 
spoon  120 
sugar  121 
without  touching 


the  boiler 121 

point  122 

Bones  white  420 

Boots  hot  when  dusty  201 
Borers  ho ! from  use  ..  105 

Bottled  ale,  &o 271 

Brackish  water  unlit  for 
railway  engines  ....  265 

Bracing  weather  153 

Bradawls  hot  from  use  101 
Bread  brut  purifies  water  73 

heavy  289 

made  with  yeast  288 

Breakers 329 

Breath  exhaled 249 

inhaled  247 


visible  in  winter  224 
Breathing  described  . . 250 
difficult  on  mounts.  256 
previous  to  a storm  256 


Breeze  at  sea-side. .. . 32? 

evening  ......  326 

„ unhealthy  327 

land  cool 328 

morning 326 

„ healthy  ..  327 
of  islands 326 


PAO  it 


Breeze  sea  cool  ....  327 

speed  ol 331 

(see  wind) 

Brewing 282 

Bricks  for  cold  feet. .. . 179 
Brick  stoves  181 


Bricklayers,  frost  retards  375 
cover  with  straw  375 
Bright  day  exhilarating  151 
metal  bad  radiator  209 

Brilliancy 381 

Brine  retards  boiling. . 121 

tested 377 

Britain  cloudy 132 

grows  warmer  166 
Broth  cooled  by  breath  254 
„ convection  254 
„ stirring  . . 254 


Bubbles  in  tea 436 

of  boiling  water  117 
Burns  cured  ....... . 163 

Burnt  bread  puriGes  water  73 
stick  twisted  ....  422 

Burning  glasses 2,  3 

Calcining 292 

Calcutta,  black  hole  of  268 

Calcareous  251 

Calico  oiled  transparent  416 

Calms 314 

Caloric I 

Cambric  hndkrchfs.  cool  191 
Cambridge,  rain  of . . . . 358 

Candles  75 

burn 75 

composite  not  snuffed  83 
corpse 298 


cotton  hard  to  blow  out8l> 
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Candles  (continued)  page 

burn  blue 15 

easily  blown  out  52,  79 
„ rekindled  . . 53 

extinguished  ....  81 

„ by  breath  79 
paper  81 
flame  described..  77 

„ hot 76 

„ hollow  ....  77 

„ luminous  . . 78 

„ makes  gls.  wet  79 
„ pointed  ....  79 

,,  produces  light  77 
„ purple  below  79 
„ tends  upwards  79 
„ yellow  ....  47 

„ gas  of  . . 87,  294 
held  at  a door  ....  301 
hottest  above  the  flm.  80 

give  light 77 

make  glass  damp. . 79 

need  snuffing  ....  83 
Palmer’s  not  snuffed  82 
prevent  seeing  a rd,  396 
reflected  in  a window396 
rekindled  quickly . . 53 
rush,  easily  go  out  80 
shadow  cast  by. .. . 397 


smoke  of 83 

spirt 161 


sudden  light  painful 382 
used  by  miners  . . 267 
wax,  not  snuffed  . . 83 

Cannon  balls  hot  ....  106 


boring 104 

Canvass  flower  awning  213 

Capillary 76 

attraction 76 


Capillary  ( continued ) page 
attraction  of  earth  . . 437 

„ sponge  76 

„ thread  191 

„ wicks  191 

combustion 86 

vessels 85 

„ pervade  body . . 86 

Captain  Ross 430 

Capuchin  357 

Carbon  35,  36,  75 


in  the  blood ....  26  i 
Carbonate  of  ammonia  480 
lime  . . 480 
Carbonic  acid  gas  ..  266 
absorbed  by  leaves  25  l 

chokes 293 

cause  of  heat....  290 

deleterious 266 

detected 267 

dissipated  by  red  ht.  276 
„ water  275 

in  human  bodies..  87 

of  the  soil  251 

water  291 

sources  of  275 

Carbetd.  hydro,  gas  293 
how  procured  293 
Carpenters’  tools  hot  ..  104 

Carpets  warm  176 

Carriage,  in  a storm  20 
wheels  catch  fire  103 
windows  misty . . 220 

Casks  charred 73 

Cart  grease 103 

Cathedral  aisles  famous 

for  echoes  433 

Cats  in  wet  weather  ..  156 
prowl  by  night  . . 384 
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Cats  (continued)  page 

see  iu  the  dark. .. . 384 
wink  before  a fire  384? 
Cattle  low  in  wet  wea- 
ther   154 

struck  by  lightning  19 

Caustic  lime  . . 439 

lunar 488 

Caverns  famed  for  echoes  4^3 

Ceilings  sooty  71 

Cellars  cold  in  summer  258 
warm  in  winter  237 

Chalk  488 

Champagne  acid 278 

Charcoal  72 

bad  conductor  172 
tire  very  hot  72 
„ deleterious  274 
purifies  water  73 
removes  taint  72 

Charring  bread 73 

casks  ••••  73 

wood  ....  74 

Chemical  action  ... . 32 

developes  heat. . 2 

Chesnuts  roasted  crack  107  j 
not  if  slit  1 08 
Children  hot-blooded  . . 97 

Chimney  draught,  cause 

of 64 

factory, long. .. . 64 

flues  of  long. . 63,64 
„ short  64 

raised  above  a 

house 63,64 

pots 70 

SMOKY 62 

in  close  rooms  ••  62 

remedy..... 


Chimney  ( continued ) page 
draught  slack  64,73 
door  misplaced  68 
remedy  . . 68 

flue  too  long  61,1 13 
„ short  ....  64 

„ remedy  ..  65 

need  repairing  68 
„ sweeping  68 
of  old  homstds.  69 
two  fires  ....  65 

remedy....  66 

valleys 67 

vestries 66 

lemedy....  67 
wind  ....  70,  1 14 
China  broken  by  water  128 

Chloride  of  lime 429 

Chlorophyll.. 420 

Choke  damp  273 

Ch u k ch  bells  heard  153,429 
congregation  drowsy  270 

yards  smell  297 

Chyle  247 

Chyme 247 

Cider  acid  278 

Cinders,  iron 44 

lighter  than  coals  44 
soon  heated ....  44 

will  not  blaze  . . 49 

Cirro-cumulus  clouds  140 
forebode  drought  140 
Low  produced  . . 140 
Cirro  stratus  clouds  141 
forebode  change  140 
how  produced..  140 

Cirrus  clouds  137 

foretell  fine  weather  138 
how  nroduced 139 
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Citizens  pale 248 

Citric  acid  488 

City  air  unheal  by  ....  272 
Clark’s  patent  blower..  52 
Clay  for  furnace  doors  181 

Clean  kettles  193 

Cleanliness  connected 
with  the  dietary  ....  96 

„ poverty 96 

Clear  day  overcast  ..  321 
fire  burns  slowly..  40 
nights  exhilarating  151 

Climate  varies 304 

from  forests. . ..  167 

„ land 305 

„ mountains  305 

„ sea  305 

„ soil 305 

„ trees 167 


Clocks  heard  distant  . . 430 
not  in  a mist  431 
Close  rooms  unhealthy  268 
Cloth  collects  no  dew..  215 
Clothes  black,  warm  194 
coarse  not  ditto  ..  190 
damp  in  summer  217 
fine  cloth  warm  ..  190 
loose,  warmest. .. . 183 

silk 191 

warm  182 

want  of,  causes  dirt  97 
wet  dangerous  ..  164 

white,  cold  194 

„ from  sea  spray  170 
„ not  on  wet  days  170 


workmen’s  170 

Cloudiest  countries. . ..  132 
Clouds  130 


Clouds  ( continued ) page 

absorbed  by  wind  134 
affect  the  wind. .. . 310 

cause  of 131 

cirro  cumulus  ....  140 
cirro  stratus.,.  ..  ».  141 

cirrus 137 

classes  of 137 

colour  of  ... . 134,  135 

compound  ......  140 

cumulo  stratus  ..  141 
cumulus  138 


differ  from  fog,  130,  234 
dissipated....  134,143 
distance  from  earth  132 
edges  mostlumiuous  4 1 7 


electrical 133 

electricity  moves. . 137 
fall  in  rainy  weather  354 

fantastic 133 

float 130 

gather  round  hills  142 

height  of 5,  132 

highest  132 

highest  in  a fine  day  1 32 
increased  by  wind  134 
intermediate  ....  139 

light 123 

lowest . . . . 132 

morning  red  ....  135 

motion  of 130 

nimbus 141 

foretell  weather  1 38,  141 
rain  ind  cated  by  . 141 
polar  currents  affect  3 13 

red  135 

round  mountain  tops  142 

simple 137 

size  of 132 
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Clouds  ( continued ) *AGE 

stratus  138 

sunset.... 143 

thickness  of 133 

„ how  ascert  ined  133 

thunder  4 

vary  in  shape  133,  313 
„ in  colour  136,313 
where  most  abndnt  132 
„ least  „ 132 

use  of 142 

velocity  of  331 

white  4*19 

wind  affects  . . 13L,  134 

yellow 143,  144 

„ indicate  wet  144 
Cloudy  night  warm ... . 211 
no  dew  . . 2 ll 
opp  essive  150 

Coal  black 4 i 9 

blazing 40 

for  fuel 44 

gas  75,  294 

grotesque  figures  of  42 
mines  explode. .. . 294 

smoke 4*1 

wetted  when  dusty  55 

Coke  57 

for  fuel 44 

spontaneously  ignites  58 
Colo  affects  barometer  336 
condenses  air  ....  301 

colours 195 

makes  us  love  fat  92 
„ activity  ..  94 

mountains  202 

out  of  doors 330 

promotes  hunger. . 93 

„ sound 430 


PAGE 

Cold  water  contains  heat  33 
Colder  some  things  than 

others  171 

Colds  from  wet  clothes  164 

Collapsing 109,  302 

Colours 410 

accidental  . . 424 
akin  to  sound  418 

black  419 

blue  418 

dark,  warm  . . 195 

greeu  420 

light,  cold  ..  195 
of  clouds  134,  135 
electricity.*..  30 

red  418 

vary  417 

white  419 

yellow 419 

Combining  not  mixing  26 
Combustion1  (see  fire)  35 

animal 87 

cause  of 38 

chemistry  of  . .35,  39 
from  fermentation  58 
elements  of  ... . 38 

he<il  of 35 

increased  by  wind  52 
in  the  veins. ...  86 

produces  light..  48 
spontaneous  ..  57 

CoMMUNICATIONof  UEAT171 
Composite  candles  not 

snuffed  83 

Compound  clouds  ....  140 

Compression.  105 

not  condensation  1 05 
i Condensation  ......  105 
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Condensed  air. . 301 

Conduction  171 

not  absorption  192 
Conductors,  best ....  172 

worst  172 

animal  fluids  14 
not  absorbers  192 
of  lightning. . 22 

„ dangerous  24 


Convective  currents  252,  302 
cool  broth  254 
,,  iron  253 
Cooking  vessels  with 
wooden  handles  ....  173 


Cooper  applies  hot  hoopsl25 


Copper  for  condctrs.  23, 172 
sonorous......  426 

tarnishes 201 

-hole  draws  ..  61 

roars  ....  62 

„ not  with  open 

door 62 

Cork  driven  out  by  heat  1 1 2 

Cornea 406 

Corns  ache  before  raic  257 

Corpse  candles 298 

cold 98 

smell  297 

Corrosive  sublimates  . . 488 
Cotton  bales  catch  fire 

spontaneously  58 

candles  80 

handkerchiefs  hot  191 
oiled  transparent. . 421 

shirts  warm 190 

wool  bad  conductor  191 
Count  Rumford 191 


PAGl 

Countries  most  cloudy  132 
least  cloudy  132 
Country  air  healthy  248,  270 
Countrymen  enjoy  hlth.271 


ruddy  241 

Cowls  67 


Crowds  bad  in  storms  18 
cause  drowsiness  270 
„ head-ache  267 
vitiate  air  ....  257 
unhealthy  ....  268 
Crucibles  of  platinum  263 
Culinary  vessels  ...  208 

have  wooden  handles  173 
should  be  sooty  ....  208 
Cultivation  promotes  dew  216 


„ warmth  167 
CuMULO-stratus  clouds  141 
forebode  change  141 

Cumulus  clouds 138 

forebode  fine  weather  138 

„ rain  138 

how  produced 139 

Cup  in  a pie  123 

use  of 124 

why  full  of  juice  124 
Currents  of  air  302 

Damp  balusters 223 

beds 164 

clothes 218 

house 223 

Dancing  of  objects  after 

rain 156 

Dandelion  bodes  rain  157 
Danger  in  a storm  . . 12 

from  barring  shutters  18 
bells..  17 
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Danger  ( continued ) 

PAGE  j 

Dew  (continued) 

carriages  .... 

20 

distilled  after — 

crowds 

19 

fine  nights  . 

fire-place  .... 

19 

heat 

from  flocks 

19 

west  winds . 

herds  

19 

on  clothes  .... 

rings  

22 

cultivated  laud 

rivers  ...... 

14 

grass  

steeples  .... 

14 

hairs  

theatres  .... 

15 

hat  

trees 

13 

hollows  .... 

walls  ...... 

17 

leaves  

watches  .... 

22 

open  fields  .. 

Dark  colours  warm  . . 

195 

valleys 

radiate  heat 

204 

not  in  cloudy  nights 

Darkness  from  2 lights 

421 

„ east  winds 

Davy  Sir  H 

295 

„ winds .... 

Daylight  breeds  hunger 

91 

„ on  barren  lands 

mitigates  cold 

91 

„ cloth  .... 

Dazzling 

417 

n deserts  . «, 

Dead  bodies  cold  .... 

98 

ft  gravel .... 

smell .... 

297 

,,  metal  .... 

taller,  &c. 

440 

n rocks  .... 

Deafness 

432 

„ stones.... 

Deal  snaps  in  a fire  .. 

110 

„ wool  .... 

Decanting  liquor .... 

287 

under  awnings.. 

spirits 

287 

„ hedges  . . 

December  winds 

317 

„ trees  .... 

Decomposition  

284 

„ walls  .... 

Deep  water  freezes  slowly 

372 

Dew-drop  round  .... 

Depression  of  spirits  . . 

150 

flattened  

Descent  in  a diving  bell 

152 

roll  on  cabbages 

Deserts  hot  and  dazzling 

417 

roses  

Detonating  powder .... 

106 

Digestion 

Dew 

210 

Diminishing  glasses  . . 

cause  of 

233 

Dinner  covers  bright  .. 

deleterious 

227 

Dirt  warm 

differs  from  mist . . 

228 

j Distant  bells  heard  • . 

rain  .. 

233 

cIocks 

PAGE 

211 

225 

225 

218 

217 

216 

224 

224 

214 

215 

212 

214 

211 

224 

214 

217 

215 

216 

216 

216 

215 

215 

216 

213 

212 

212 

212 

229 

229 

230 

230 

94 

399 

209 

96 

428 

430 
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Distant  {continued)  page 
objects  small  399,  400 
,,  invisible  401 

sight  407,  409 

,,  spectacles  for  408 

Distance  lessens 399 

makes  invisible...  403 

Distilled  vinegar  488 

Divers  suffer  pain 152 

Diving  bells  cause  pain  152 
Dormice  cold  in  winter  97 
live  with  ut  food  98 
Doors,  draught  of  ...  332 
shrink  from  dry  157 
swell  from  wet  ...  157 
Dogs  in  wet  feather  156 

Dough  fermented 288 

set  by  a fire  to  rise  288 
Double  concave  glasses  407 
convex  glasses  ...  408 

Down  warm 183 

bad  conductor  ...  191 
Drained  lands  warm  167 
Draught  at  a door  ...  332 
blows  a flame 
outwards  ...  303 

inwards  304 

of  a chimney  60,  64 

key-hole 331 

window  332 

slack  60,  64 

Dreams  441 

Drinking  water 291 

Dropsofde  w rollonleaves230 

round 229 

shape  varies  229 
of  rain  roll  on  dust  230 

round 253 

size  varies  ...  354 


PA  OB 

Drowned  men  restored  103 
Drowsiness  at  church  270 

Drums  428 

Dry  wood  for  kindling  45 
,,  burns  best  111 

,,  snaps  about  111 

Driest  months  346 

Dublin,  rain  of 358 

Duck  dry  in  water  ...  230 
noisy  before  rain  155 
Dull  surfacesradiate  heat204 

Dullness  ..  381,  417 

Dunghills  hot  290 

Dusty  shoes  hot  201 

coals  wetted  ...  55 

Ear  trumpets..... 432 

Earth,  bad  conductor  188 
cool  after  sun-set  210 
,,  in  a fine  night  210 
,,  in  summer  ...  188 
covered  with  dew  210 
cracks  by  frost  ...  374 
crumbles  in  spring  374 
hardened  by  sun  169 
warm  in  winter...  188 
warmer  by  day  ...  210 

fog  228 

Earthen  tea-pots  205 

set  on  a hob  to  draw  205 

East  wind  cold  319 

dry  320 

prevents  dew  224 
Eat  more  in  cold  weather  93 

less  in  warm 93 

too  much  makes  fat  90 
,,  ,,  us  ill  90 

Echoes  433 
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PAGE 

Echoes  two  or  more  ...  435 
remarkable  ...  435 
Effects  of  heat  ...  2,  107 

Effervescence 277 

soon  subsides  288 
Effervescing  draughts, . 277 
Egg,  component  parts  of  285 
discolours  silver...  284 


remedy 284  | 

smells  offensively  . 285 

tests  brine  377 

Egypt  not  cloudy 132 

Eider  down  warm  191 

Electricity — 

affects  clouds  133 

cause  of  thunder...  3 

colour  of 30 

developes  heat 3 

excited  by  friction  . 29 

felt  at  the  elbows  . 30 

hot  29 

moves  clouds  136 

odour  of  30 

of  clouds 4,  136 

positive  and  negative  16 
resinous  & vitreous  4,  16 
speed  of 11 


Electric  telegraph  ....  31 

Elements  of  air  ....  35 

alcohol  . 279  . 
fuel  ....  35 

sugar  ..  279 


Emetic  tartar 488 

England — 

grows  warmer 167 

winds  of 317 


,,  east  cold  ....  319 
* „ dry  ....  320 


England  ( continued ) paqb 
morning  at  wa- 
tering places  376 
wind  most  prevalent  317 
„ north  cold  ....  320 
„ „ dry  ....  320 

„ north-east  dry  . 322 
„ south  rainy  ..  321 
„ „ warm  . . 320 

„ south-west  rainy  322 
„ west  rainy  ....  321 
„ when  highest. . 317 
„ „ lowest  ..  318 


„ rain  of  358 

(See  March  winds.) 

Epsom  salts  488 

Esquimaux  love  blubber  94 
Equatorial  current  ....  312 

rains 359 

Ether 48 

boiling  point  of  ....  122 
used  for  freezing. ...  376 
„ inflammation  163 

„ scalds,  burns  163 

vaporized 163 

European  skin  white  . . 198 

Evaporation 162 

freezes,.  376 
of  sea  . . 309 
Evening  breeze 326 


clouds  . . 135,  143 
„ grey  ..  146 
„ red  135,  '43 
„ yellow  . 143 
rainbow....  147 
Evergreens  frost-bitten  236 
Ewers  broken  by  frost  . 366 
Expansion  by  heat  107,  124 
Explosion  of  chestnuts  107 
r a 2 
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Explosion  of  gunpowder  108 
mines  ..  294 

Extinguishers 81 

made  of  paper  8 1 
Eyes  affected  by  glasses  423 
„ fire  light  423 


„ sudden  . 382 

„ sun....  423 

contracted  by  light  395 

black  199 

conform  to  light  . . 383 

cornea  of 406 

negro’s  dark  ....  199 

retina  of 406 

two,  use  of 385 

see  siugle 386  I 

Exercise  — 

good  for  health  ....  90 

produces  appetite  ..  90 

„ warmth  . . 90 

want  of  produces  fat . 90 


sickness  90 


Face  soon  scorched  ..  203 
Factory  chimneys  ....  64 


Fanning  185 

Far  sight 408 


cause  of  ....  408 
„ spectacles  for  408 
Farm  houses  smoke  ..  69 

Fat  from  gross  eating  . 90 

laziness  ....  90 

men  swim  best  . . 372 
pleasant  in  winter  . 92 


white  419; 

Feathers  warm 183. 

Feeling  441 ; 


Feet  cold  before  a fire 

54 

wet  dangerous  .. 

164 

Fermentation 

279 

a combustion  .. 

58 

not  putrefaction  . 

283 

of  beer 

279 

„ dough  

288 

„ sugar  

279 

,,  wine  

279 

requires  water  .... 

285 

Fender  & fire* irons  cold 

193 

Fiddle  strings  musical  . 

428 

snap  from  wet  356 

Files  hot  from  use  . . . 

104 

Fine  weather  braces  .. 

153 

indications  of 

145 

Fingers  cold  when  wet  . 

163 

Fire  

35 

air  needful  for. . . . 

62 

bellows,  use  of. . . . 

52 

black  and  red  .... 

40 

blazes  

40 

„ not  in  frost 

49 

blowers  

70 

burns  blue  

47 

bursts  thro’  the  bars 

46 

cause  of  

38 

charcoal  

73 

„ dangerous  273 

clear 40,  50 

damp  

differs  from  animal 

293 

heat 88 

dull,  cause  of  ... . 64 

effect  on  eyes  384,  423 
extinguished  ....  5 5 

„ by  water  55,  111 
fiercest  in  winter. . 60 
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Fire  ( continued ) page 

fiercest  out  of  doors  51  i Flame  of  a candle 


flame  of  

46 

described  

gas  generated  by... 

87 

blown  out  easily 

grotesque  figures  in 

42 

damp  

heat  of 

289 

hollow  

„ hew  increased  50,  64 

hot  

hot  

39 

hottest  above  . . 

intensity,  cause  of. 

64 

luminous 

kindled  at  the  bottom 

44 

pointed 

lighted  with  paper 

42 

purple  

„ „ wood 

42 

smokes 

light  dazzles  .... 

383 

yellow 

light  variable  .... 

49 

Flannel  warm 

luminous 

47 

on  foot-warmers 

melts  metal 

129 

Flash  (see  lightning.) 

mottled  

41 

Flat  beer,  &c 

out  of  doors  .... 

41 

irons  

poker  draws  up  . . 

53 

sounds 

radiates  heat  .... 

203 

Flavour  discerned  .... 

red  hot 

39 

FlaX  burns  spontaneously 

reflected  on  glass . . 

396 

Flint  and  steel  strike  fire 

two  or  three  times 

396 

Flocks  in  storms 

spotted 

41 

Flowing  water  pure  . 

sun  dulls  it 

50 

freezes  slowly  ... 

thaw  dulls  it 

52 

makes  rough  ice 

wind  intenses  it  .. 

52 

oscillates 

yellow  ' 47 

( See  chimneys,  combustion.) 
Fi he- irons  cold  ..  179,  193 


PAGE 

76 

77 
79 

79 
77 
76 

80 


79 


47 


441 


370 


Flowers,  awnings  for  . *213 

purify  air 272 

smell  at  night  158 


hot  

. 193 

„ before  rain 

158 

rust 

. 259 

forebode  rain . 

157 

„ most  in  winter. , 

, 259 

Flues , 

63 

,,  prevented 

. 259  ; 

blacked  . . , 

204 

Fishes  ascend  

. 379  1 

long  good  for  draught  64 

„ cold  blooded  .. 

98  ' 

short,  bad 

64 

„ dive  

, 380  : 

(See  chimney .) 

„ seem  nearer  .. 

405 

Flutes  

428 

Fixed  air 

. 266  Fly  poison  

439 

b a 3 
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Foam,  white 419 

Fogs  232 

arrest  sound  ....  429 

cause  of 131 

differ  from  cloud  130,  234 


mist..  233 
dispersed  by  wind  235 
by  sun..  233 

frozen 237 

in  autumn  234 

increase  distance. . 155 

in  marshes 232 

in  valleys  235 

magnify  155 


none  in  a frosty  night  234 
1*ood  converted  to  blood  247 


cooled  by  the  breath  329 
want  of  causes  dirt  96 

hunger 92 

ill  ventilation  97 
laziness  ....  92 

Foot-prints  frozen  ....  367 

Foot  warmers 179 

covered  with  flannel  180 
highly  polished  ....  180 

Forked  lightning 5 

Forks,  tarnish  of 262 

remedy  260 
Forests  catch  fire....  101 
cold 167 


Foster  Lieutenant  ....  430 
France  grows  warmer. . 168 
Freezing  mixtures..  377 
Friction  (see  rubbing)  102 
excites  el  ctricity . . 29 

sets  forests  on  fire  104 
Frogs  cold  blooded  . . 98 

croak  before  rain  154 
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Frost  affects  barometer  336 
„ sound....  429 

braces 153 

breaks  ewers  366 

„ tiles,  stones,  rocks  367 

„ pipes 368 

cracks  earth  37f 

„ mortar  ....  374 

expands  water 369 

on  windows 221 

prevents  fog  234 

stops  work  375 

warmer  than  thaw  . . 373 
Froth  of  beer. .. . 112,278 
„ fermentation  ..  286 
white  419 


Frozen  water  warm  ..  371 
ruts  and  foot-prints  367 
Fruits  cool  the  blood  95 
fall  to  the  earth  . . 436 
pleasant  in  summer  95 


Fuel,  dry  burns  well  . . 45 

elements  of 35 

for  the  body  ....  89 

wet  burns  badly  . . 45 

Fulgurites  30 

Fumigation  for  rooms  438 
Funnel  (see flues)  ....  63 

Fur,  bad  conductor  ..  172 

for  clothing 182 

warm  182 

Furnaces,  brick  for  , 181 

fires  fierce  61 

„ roar 6*2 

not  with  door  open  62 
lined  with  clay ... . 181 

Furr  of  kettles 264 

steam  engines....  265 
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Fnrrof kettles  dangerous  265 
removed  265 

Gallery  hot 333 

varments  warm  ....  195 

cold 195 

Gas  azote  38 

carbonic  acid  ....  266 
car buretted  hyd.  . . 293 

coal 294 

differs  from  liquid  245 

elastic 245 

expands  from  heat  113 

hydrogen 36 

inflammable  ....  75 

invisible 255 

jet  of  81 

nitrogen 38 

of  candles  294 

Are  • 39 

oxygen 37 

phosphuretted  hyd.  297 
sulphuretted  hyd.  284 

permanent  114 

4auze  wire  lamps  ....  295 
prevents  explosion  295 
Geese  noisy  before  rain  155 


German  silver  tarnishes  262 


tinder 105 

Germany  grows  warmer  168 

Germination  324 

Ghosts 300 

Gideon’s  miracle 218 

Gimlets  hot  from  use. . 104 

0 inter  pop  277 

acid 278 


Glasses  broken  by  heat  127 
„ on  a hob  128 

covered  with  mist  . • 222 


Glasses  (continued) 
covered  with  mist  if 
from  a cellar  ....  222 
diminishing  ....  399 
dulled  by  a hot  hand  221 
„ breath,  &c.  222 

magnifying 399 

mist  of  subsides....  222 
(See  spectacles.) 

reflect  396 

ground  opaque  ....  421 

musical  428 

Glauber  salts  488 

Gloves,  black  kid  warm  196 
„ Lisle  thread  cool  196 
Glow  worms  glisten  . . 385 

Gluten  282 

ferments 283 

God’s  wisdom  shown  in — 
air  a bad  radiator..  ..  184 
„ the  circulation  of  317 

animal  life 351 

beasts,  fur  of 183 

birds,  down  of  ....  183 

dew 217 

earth  cracked  by  frost  374 
„ hardened  by  sun  169 
ice  lighter  than  water  369 
metals  bad  radiators  217 
November  rains....  325 
the  froth  of  saliva..  442 

vegetable  life 357 

„ radiation  . . 215 
wood  a bad  radiator  217 
Gold  best  of  conductors  172 
never  tarnishes  . . 262 
Goodness  (See  God's) 


Grab  H awoody  ......  268 

Grape  sugar  278 
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Grape  ( continued ) *age 

juice  needs  no  yeast  284 
,,  ferments  ....  278 
„ inks,  alcohol  . . 279 
„ „ carbc.  acid  279 

Grapes  never  ferment . . 285 

Graphite 205 

Grass  promotes  cold..  168 
„ dew  . . 216 
Grate  (see  stoves ) 

Gravel  collects  no  dew  216 
hoar  frost  197 


Gravity 436 

Gray  morning  good  sign  145 
evening,  sign  of  wet  146 
Grease  liked  in  cold..  92 
loathed  in  heat  95 
prevents  rust  ..  159 
used  for  wheels  102 
Green  colour 420 


accidental  . . 423 
wood  does  not  burn  111 
„ snap  1 10 

Gross  eating  unhealthy  90 


Grottoes  echo 433 

Grotto  del  Cane  ....  270 
Ground  covrd  with  dew  210 

frost 234 

Growth  by  moonlight. . 226 
Guinea  fowls  squall  ..  155 
Gulls  fly  to  land  ....  160 

„ to  sea 161 

Gunpowder  explodes  . . 108 
Gusty  weather  makes  a 

smoky  house  ....  70 

Hail  352 

cause  of  353 

falls  in  summer  ....  352 


PAGE 

Hail,  thunder  accompns.  352 
Hair  bad  conductor  ..  172 
covered  with  dew  224 

warm  182,  183 

Halls  famous  for  echoes  433 
Halo  round  the  moon. . 150 
Handles,  wooden  ....  173 

metal  173 

Handkerchiefs  191 

Hard  work  gives  hunger  90 

boiled  eggs 285 

water  bad  for  washg.  360 

cause  of  % 360 

pleasant  to  drink. . 291 

Hartshorn  2 ’4 

Hat  covered  with  dew  224 
turned  red  by  the  sea  364 
Hawks  see  near  and  far  410 

Hay  heats  59 

heating  prevented  59 
stacks  ignite  ....  59 

Haze  round  the  sun  . . 149 

„ moon 150 

affects  sound  ....  430 
Head  aches  in  a crowd  268 
HEARTH-rug  warm ....  176 
stone  cold  ..  175 
„ hot....  177 

Heat  1 

absorbed 32 

and  light 48 

affects  barometer. . 339 
„ sound  ....  429 

„ wind  ......  307 

animal  . . 85,  249,  289 

applied  low 239 

arrests  sound  ....  4;  0 
cause  of 290 
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Hiat  (continued) 

PAGE 

coinm unication  of  171 

conduction  of  ... . 

171 

effects  of 2, 

, 106 

evolved  

32 

„ by  compression  105 

expands  air 

107 

expands  water.,.. 

376 

from  beaten  iron . . 

98 

f,  exercise  .... 

98 

increased  by  heaps 

58 

LATENT  33,  39 

of  candles  

76 

dunghills 

290 

fire  

289 

ice  

33 

human  body  87, 

289 

lime 

291 

radiated  

202 

rarefies  air 

300 

reflection  of 

199 

sensation  of  .... 

1 

sources  of . . . . 2 to  106 

work  promotes  . . 

90 

Heating  by  Arnott’s  stove  204 

steam 

204* 

Heavy  bread  

289 

Hemp,  fires  spontaneously58 

Herds  in  a storm 

19 

Hedges  increase  warmth  167 

retain  frost  .... 

237 

Hills  affect  winds. . . . 

308 

larger  in  a fog  . . 

155 

seem  more  distant 

155 

Hindostan,  jungles  of 

270 

Hoar  frost  

235 

near  edges  

237 

not  found  on  trees  . . 

237 

„ under  shrubs,  &c . 

237 

Hoar  frost  ( continued ) 

PAG* 

of  frozen  fog  .... 

237 

on  clear  nights  only 

235 

„ glass  

*36 

„ tombstones.... 

197 

very  partial  ...... 

236 

Honey-dew  

227 

ants  fond  of. . .. 

228 

effect  of  

228 

injures  plants  . . 

227 

Hoops  put  on  red  hot. . 

125 

Horizontal  sun  & moon 

395 

why  oval  .... 

395 

Horses  strike  fire  . . 

101 

snuff  up  air. . . . 

150 

uneasy  in  rain. . 

154 1 

Hot  night  oppressive. . 

150 

water  

208 

„ melts  sugar 

363 

weather  enervating 

90 

„ abates  appetite 

95 

„ good  for  fruit 

95 

„ not  for  grease 

95 

Hottest  place  at  church 

333 

Houses — 

spontaneously  ignite  57 


distant  in  fog 155 

gather  damp 223 

smoke  in  valleys  ....  67 
Hull  of  ships  seen  last  402 
Hunger 90  to  94? 


allayed  by  food  . . 

39 

promoted  by  cold 

93 

ft 

day  light  . . 

91 

ft 

rapid  digestion  94 

tt 

running  .... 

91 

tt 

singing  .... 

91 

tt 

speaking  . . 

91 

„ 

work 

91 

(See  appetite.) 
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Hydrogen  gas  ......  36 

of  fuel ....  246 


Ice  366 

contains  beat  ......  34 


dissolved  by  acids  . . 373 
„ friction  ..  104 

„ salt 373 

„ sun......  129 


grows  thicker 370 

lighter  than  water  ..  366 
made  in  hot  vessels. . 377 

net  work 367 

Ice-bergs  echo 433 

Ignis  fatuus 298 


cause  of  298 
Illness  from  over  eating  90 
Impure  water  purified...  73 
Incandescent  carbon  ...  78 

Indians  strike  fire  102 

Inflammable  air 75,  294 

Insects  in  wet  weather  159 

luminous 299 

Insensible  perspiration . 220 
Intermediate  clouds  ...  193 
Iron  affected  by  lightning  3 1 

bad  absorber  193 

beds  safein  lightning  21 

cinders 44 

cold 175 

contains  latent  heat  99 
cooled  by  air  ....  253 
„ convection  253 

„ radiation  . 253 

good  conductor  172,  193 
heated  by  blows  . . 99 

house  safe  in  lightg.  15 
matches  ........  100 


Iron  ( continued ) 

rusts 258 

„ not  in  dry  weather  259 

„ prevented 260 

„ scales  258 

„ when  common  . . 259 

sonorous 426 

stoves  181 

Ironing  box 161 

Islands  temperate  ... . 328 
subject  to  wind  327,  328 
warm  328 

Jack  o'  Lantern  ......  298 

January  winds 317 

Java,  jungles  of 270 

Jet  of  flame  through  bars  46 
Judges  VI.  illustrated . . 218 

July  winds  317 

Juice  of  lemons 488 

June  wind  317 

Jungles  of  Hindostan..  270 

Kendal,  rain  of  358 

Keswick,  rain  of 358 

Keyhole,  draught  of  ••  331 
Kettle  — 

boils  over 118 

„ quickly  when  sooty  194 
„ slowly  when  clean  . 194 
„ „ when  new..  194 

back  of  black 207 

bottom  sooty  .....  207 
„ cold  whenboiling  207 

furr  of 264 

holder 173 

lid  should  be  clean  . . 206 

„ hot 208 

not  full  after  boiling.  118 
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Kettle  ( continued ) 

PAGE 

runs  over 

118 

„ through  the  spout 

118 

Saturday’s  boils  best 

207 

sings  

116 

steam  of 

242 

top  bright  

207 

Kid  gloves,  black 

196 

Killarney  echo 

436 

Kindling  fires  

42 

damp  

45 

dry  

45 

stones  unfit  for 

45 

Ladies’  fan 

185 

Lake  Averno 

270 

Lakes  which  never  freeze 

372 

Lamps 

75 

Argand 

84 

safety  

295 

smoke 

84 

spirt  < ........ . 

161 

glasses . . ...... 

85 

{See  candle.) 

Land  air  cold 

231 

affects  climate  .... 

305 

cools  before  water  . 

231 

Laplanders  clad  in  skin 

190 

Larvae  

160 

Latent  heat  33,  99 

Laundress  wets  flat-iron 

162 

Laziness — 

caused  by  want  of  food 

92 

„ heat  

96 

Lead,  bad  conductor  . . 

172 

dulness  of  .... 

261 

pencils  

205 

tarnish 

261 

Leanness  from  starving 

89 

PAGE 

LEAVEsabsorb  earb.  acid  251 


collect  dew  ....  215 
exhale  oxygen  . . 250 

green  420 

in  a pond 437 


1ightgrn  in  spring  420 
pale  in  dark  places  420 
promote  cold  ..  168 
radiate  heat. . . . 215 
yellow  in  autumn  420 

Lemons,  juice  of 488 

salt  of 488 

Lid  of  kettle  bright  . . 207 
„ hot  ....  203 
,,  rattles  . . 119 

Light  bread 288 

colors  cool  194 

„ bad  radiators  204 

Light..; . 47,  380 

a compound  . . 410,  417 

cause  of  381 

contracts  the  eye. . 395 
divided  by  a prism  410 

from  a flint 100 

„ compression  105 
none  in  bent  tubes  403 

of  candles  77 

fir*  47 

houses,  trees,  &c.  381 

the  sun 38l 

2rays cause darkm.  421 

speed  of  381 

sudden,  painful  . . 382 

Lighting  fires 42 

Lightning 3 

affects  iron  and  steel  31 
„ telegraph  ....  31 

arm  our  safe  from  • * . . 21 
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barks  trees 29 

bed  repels 21 

bells  attract  ....  17 

breaks  off  boughs . 30 

brooches  attract . . 22 

carpets  repel  ••..  21 

cause  of  flash  ....  6 

churches  attract . . 14 

clouds 5 

comes  from  clouds  16 

„ „ earth  16 

crowds  attract  ..  18 


danger  from  . . 14  to  23 
conductors  ....  23 

„ copper  best  for  23 
„ danger  from . . 24 

M how  made ....  23 

„ not  attractive  . 23 

„ materials  for. . 23 

„ thickness  of . . 24 


„ use  of  23 

M why  not  common  24 
different  kinds  . . 3 

discharged  by  spires  5 
„ trees  12 
Mfrom  clcuds.. ..  15 

„ „ earth  to  clouds  16 

electrical  3 

flash,  cause  of. . . . 6 

„ precedes  thunder  1 1 

flies  about 25 

flocks  attract  ... . 19 

followed  by  rain. . 10 

M wind . . 10 

follows  dry  weather  28 
not  wet  29 

forked.  5 

fuses  metal . 27 


Lightning  (continued) PAOJt 


globular 6 

herds  attract  ....  19 

iron  bedsteads  safe  21 
keys  attract  ....  22 

kills  animals 7 

knocks  down  houses  24 
„ churches, &c.  25 

magnetic 31 

maims 7 

mattresses  repel . . 21 

metal  conducts  . . 23 

odour  of 30 

passes  down  trees  13 
„ through  man  14 
produces  fulgurites  30 
„ nitric  acid  26 

purifies  air 28 

rare  in  winter  ..  28 

resinous 16 

returning  stroke  . . 17 

rings  attract  ....  22 

safety  from 22 

scorches  trees. ...  29 

sheet  6 

source  of  4 

speed  of 12 

straight 6 

sulphurous  smell  of  27 

summer 11 

„ common  in  28 


theatres  attract  ..  19 

trees  attract  ....  12 

„ conduct ....  20 

turns  beer  sour  . . 27 

„ milk  sour  . . 2b 

„ not  old  beer.  27 

„ not  porter  ..  27 

vitreous  •••••••.  16 
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Lightning  ( continued ) page 

walls  attract 16 

watches  attract  ..  2 1 

water  attracts  ....  14 

wet  repels 22 

zig-zag 5 

( See  danger , safety .) 

Lilac  steel  rusts 263 

prevented  . . 260 
Lily  white  419 


PAGE 

Long  flues 61 

grass  promotes  cold  . 168 
Looking  glass  ......  386 

a reflector. 386 

reflects  our  image  . 388 
„ whole  person  389 
Lucifer  matches  ....  298 
ignite  easily. . 298 
Lunar  caustic 488 


Lime  and  water  32  Lungs  described 259 

absorbs  carb.  acid.  276  j 

burned 291  Mackarel  scales,  &c.  ..  140 


phosphate  of  297 

purifies  bins ...  290,  439 
„ sewers  290,  439 

slack 290 

quick  or  caustic  ...  292 
used  by  well-sinkers  267 
wash  for  rooms  ...  439 

white  419 

Lincoln,  rain  of 358 

Line  of  incidence 387 

reflection 387 


Mackintosh  prevents  cold  165 
Madness  from  starvation  89 
Magnetic,  lightning  is  . 31 

Magnifying  glasses. .. . 399 
Magpies  bode  weather. » 159 

Malt 282 

Malting  281 

Man  a swimmer  379 

fat  swims  best ....  379 
no  bigger  than  crow  399 
Manchester,  rain  of. .. . 358 


Linen  cleaned  by  water  362  'Manufactory  chimneys  . 64 


dried 

..  333 

March,  bushel  of  dust  323 

Linseed  oil  boiling  point  122 

comes  in  like  a lion  323 

Liquefaction  

..  129 

goes  out  like  a lamb  323 

Liquids  

..  114 

dry  good,  wet  bad 

. 324 

bad  conductors  ., 

..  238 

„ month  

347 

cooled  

flowers  undesirable  324 

heated  

use  of 

323 

not  elastic  

winds  

317 

Lisle  thread  gloves  . 

. 196 

„ dry 

323 

Liverpool,  rain  of 

. 358 

Mares’  tails 

140 

Lizards  cold  blooded  .. 

. 98  ' 

Marsh  gas  

293 

London  fog  

Masts  of  ships  seen  first  402 

rain  of  

May  flowers 

325 
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May  winds  I7.7T~ 317 

Meat  covers 209 

,,  not  chased  210 

liked  in  cold  93 

loathed  in  heat  94 

roasted  by  reflectors  201 

taint  removed  439 

tainted  by  moon  ...  226 
Mechanical  action  98 

developes  heat 2 

Mercury  of barometer  335 
boiling  point  of  ...  122 

bright  262 

concave 343 

convex  343 

its  rise  & fall  337  to  348 

rises  from  heat 127 

tarnishes  261 

Metal  collects  no  dew  216 

conductors  172 

feels  cold  175 

,,  hotter  than  wool  174 

fused  by  fire  129 

,,  by  lightning...  27 
good  conductor  ...  172 

handles  burn  173 

hot  causes  pain  ...  185 

reflectors  200 

tea  pots  205 

Milk  long  in  cooling  241 
soured  by  lightning  25 

Mineral  springs  360 

Miner’s  danger 296 

prevented  267 

Mirror  386  j 

Micellaneous  ques.  436,443 
Mist  arrests  sound  ...  429 

black 150 

cause  of. 228 


I Mist  ( continued ) pags 

I differs  from  cloud  131 
„ ,,  dew...  228 

,,  ,,  fog  ...  233 

dispelled  hv  sun  229,  233 
increases  distance...  155 

magnifies  155 

on  windows  219 

seems  to  rise 229 

white 151 

Mixing  not  combining  26 
Money  hot  in  a pocket  174 

Monsoon 315 

very  powerful  316 
very  useful  ...  316 
changes  marked  316 

Months  driest  346 

wettest  346 

Moon,  distance  & size  400 

halo  round  150 

largest  at  horizon  395 

oval  395 

reflected  in  water  393 

seems  flat 401 

,,  larger  than  stars  400 
Moonlight  pro.  growth  227 
taints  meat  226 

Morning  breeze  326 

grey  146 

rainbow  ...  146 

red 135,145 

streaks  136 

Mortar  292 

adhesive  ......  292 

crumbles  374 

hardens 292 

Motes  in  a sunbeam...  255 
Mothr.  Carey'sChickensl61 
Mould  hardened  by  sun  169 
Mountains  cloudy ...  142 
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Mountains  ( covtinved ) 

PAGE 

affect  climate  .... 

305 

Night,  rainbow  at  .... 

„ winds  .... 

.-08 

Nights  warm, when  cloud 

„ cold 

202 

Nimbus  clouds.. ..  .. 

collect  rain 

356 

character  of  .... 

famous  for  echoes 

433 

Nitrate  of  silver 

Height  found  by  ba- 

Nitric  acid  ....  26,  28, 

rometer  

335 

produced  by  lightng 

impede  respiration 

256 

Nitrogen  

noiseless 

432 

expired 

Muriate  of  soda  ...... 

488 

of  air  

Murky  nights  oppressive 

151 

Non-transparency  .... 

Musical  instruments. . 

428 

Noon,  cause  of  

bass 

429 

North  wind  cold  .... 

bells 

427 

dry  

fiddles 

428 

east  wind  dry  . . 

drums 

428 

Northern  lights  

flute  

428 

Notes  bass 

flat  

429 

flat  

glasses 

428 

sharp  

notes  

429 

treble  

pianoforte  

428 

November  rainy 

sounds 

426 

treble  

42*9 

Ocean  affects  wind  .... 
Octaves  

Nails  for  matches  .... 

100 

Odour  of  electricity. . . . 

Naves  fitted  on  hot. . . 

125 

Office  ceilings  cloudy.. 

Near  sight  ....  405,409 

Oil,  elements  of. .... . 

spectacles  for  .... 

406 

linseed,  boiling  pt. 

Negative  electricity. . . . 

16 

of  turpentine  .... 

Negroes,  why  black  .. 

198 

of  vitriol 

with  black  eyes 

199 

paper  transparent 

New  kettles  boil  slowly 

194 

Ol  d people  cold 

Night  air  uniform. . . . 

431 

far  sighted  

allays  hunger  .... 

91 

hold  objects  at  a 

cold  when  fine. . . . 

211 

distance  

exhilarating 

151 

lose  their  power  of 

oppressive  

151 

walking  

produces  

91 

spectacles  for  .... 

PAGE 

147 


141 

488 


416 

506 

320 

320 

322 


429 

429 


30 

71 


122 


406 
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One  pot  will  not  boil  in 

another..  120 
how  to  make  it  121 

Optic  nerve  406 

Orange  colour,  cause  of  424 
Ovens  entered  by  men  185 
Out-of-door  work  pro- 
duces hunger 92 

Owls  prowl  at  night  . . 384 
see  in  the  dark  . . 384 
sleep  all  day  ....  384 
screech  before  rain  154 

Oxalic  acid 488 

Oxide  of  copper 261 

iron 258 

lead 261 

platinum  ....  263 
potassium  . . 264 

silver  262 

sodium 264 

Oxidized... 248 

Oxygen  37 

exhaled  by  leaves  250 
heats  the  blood  249 
in  the  blood. . . . 266 

inhaled  247 

makes  blood  red  248 
„ fuel  burn  246 

of  air  101 

„ its  use  . . 245 
supports  combus- 
tion   245 

sustains  life. . . . 246 
use  of  to  tinder  101 
Ozone 30 

Paleness 248 

Palmer's  candles 82 


PAGE 

Paper  burns 42 

not  always  46,  54 


extinguishers  ....  81 

oiled,  transparent..  416 
puckers  from  wet  365 
used  for  kindling . . 42 

Papillae  442 

Paris,  Dr 423 

plaster  of 488 

rain  of 358 

Parlours  smell  of  smoke 
in  summer  ........  71 

Partition  walls  to  arrest 

sound  432 

Pea  soup  fog  ........  232 

Peacocks  call  up  rain..  155 
Pearl  divers  deaf  ....  152 

Pencils 20C 

Percussion  95 

Perspiration 92,  229 

Petals  418 

Petrels 161 

Petrifaction 361 

Phosphate  of  lime  ....  297 

Phosphoric  acid 38 

Phosphorus  297 

how  obtained  297 

burns  under  our  nails  88 
Phosphuretted  hydro- 
gen gas 297 

how  obtained  ....  297 

Pianofortes 428 

Pickle  tested  377 

Pie  with  a cup  123 

full  of  juice 124 


Pigs  squeak  before  rain  155 
Pimpernel  lorebodes  rain  157 
Pipes  broken  by  frost. . 368 
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CAGE 

Piston .105 

Plants  collect  dew  ..  215 
forebode  rain  ....  157 
grow  by  moonlight  227 
Plaster  of  Paris  ....  488 
of  stoves  falls  126 
Plasterers  cannot  work 


in  frost  375 

Plate  warmer  ..  196,200 
Platinum,  good  con- 
ductor   172 

its  use 263 

never  tarnishes  263 
Ploughing  warms  us  ..  167 

Plumbago  260 

prevents  rust  260 

Poison  for  flies  439 

Poker  draws  up  fire  . . 53 

hot  against  a stove  192 
cold  on  a fender  179,  193 
how  to  carry  a hot  242 

rusts 259 

rust  of,  prevented  260 

Polar  current 311 

sounds 430 

Polish,  use  of 180 

Polished  metal  teapots  205 

Ponds  dried  up  168 

Poor  averse  to  cleanliness  96 
ventilation  ..  97 

lazy 92 

Poppies  repel  dew  ....  230 

Pores  of  wood .......  1 1.0 

Porter,  froth  of . . . . 278 

set  before  a fire  112 

stale 236 

vats  dangerous  274 
Positive  electricity  ....  16 


FAGK 

Posts  charred 74 

Potatoes,  green  ....  421 

yellow 420 

Potash,  tartrate  of  ... . 4M 

Potassium 464 

burns  in  water  464 
Prick  of  the  skm  bleeds  83 
Primrose  yellow  ..... . 419 


Prisms  divide  light. ...  411 
Prognostics  of  weather 
from  animals  ..  154,  156 
candles  & lamps  161 


clouds 138 

corns  257 

distant  objects. . 155 

flowers 157 

insects 159 

magpies  159 

perfumes 158 

railway  smoke. . 153 

rainbow  146 

sea  gulls 160 

sky 146 

smoke 158 

sounds 153 

sun-rise  146 

sun-set....  143,146 
Proverbs  about — 

April  325 

clouds 140 

dust 332 

kettles 207 

magpies  159 

March 323 

rainbows  ....  146,  147 
scripture,  145,  181,  350 

spring 333 

sun 146 

. 3 
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Proverbs  ( continued ) EAGE 


weather  330 

winds  333 

Psalms  illustrated  181,  352 

Pump  explained 255 

handle  cold  ....  175 
well  very  deep  . . 256 
water  hard  ....  360 
„ sparkles..  291 
Purple  steel  rusts  ....  260 
its  rust  prevented  260 
Putrefaction  284 


not  fermentation  283 
smell  ....  284,297 

Quadrupeds  swim  ....  379 
Quick  lime  absorbs  car- 
bonic acid  ....  276,  292 
Quicksilver  bright  ..  262 
conductor....  178 
extinguished  442 

Radiation 202,  254 

coals,  iron  . . 253 
Radiators  are  absorbers  203 

bad  180 

Railway  engines  ....  224 

furr  of  . 265 

smoke  foretells  rain  153 

water  for 265 

Rain  253 

affected  by  wind  . . 354 
after  lightning. .. . 10 

arrests  sound  ....  430 
cause  of  ....  233,  313 


clouds  bode 141 

cools  air  166 


differs  from  dew..  233 
diminishes  density  355 


Rain  ( continued ) EAG® 

dispels  carbonic  acid  276 

drops  of  353 

,,  vary  in  size  354 
fertilizing  . . 325,  355 
from  passing  clouds  354 
sudden  change  344 
heaviest  in  summer  358 
least  at  the  poles. . 359 


less  in  summer  . . 326 
most  in  winter  325,  358 
„ on  mountains  356 
near  the  equator. . 359 

not  salt  364 

on  cabbages 230 

dust  230 

rose  leaves  ....  230 
of  Cambridge  ....  358 

Dublin  358 

England 358 

Ivendal 358 

Keswick 358 

Lincoln  358 

Liverpool  ....  358 

London  358 

Manchester  ....  358 

Paris  358 

prognostics  of  ... . 142 
from  animals  ..  154 

birds  159 

candles  and  fires  155 

clouds 141 

corns  357 

distant  objects. . 155 

flowers 157 

insects 159 

railway  smoke..  153 

rainbow  156 

seagulls  .....  16(1 
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Rain  ( continued ) *AGIL 

sky  146 

smoke 158 

sounds 153 

sun  146 

purifies  air 355 

sudden  change  . . 3 14 
water  fertilizing  325 

not  salt  364 

smells  offensive  362 

soft 362 

stagnant 364 

unpleasant  ....  363 

Rainbow 411,  412 

colours  reversed  414 

double 413 

morning 146 

night  147 

Rainy  months . . 358 


parts  of  England  358 
Rare  air  bad  for  sound  432 
Rattling  of  kettle  lid  ..  119 
Ray  of  light  bent  ....  403 
divided  ..  410 
two  produce  darkness  421 
Reading  makes  hunger  91 


Red  colour 248 

cause  of 418 

rose 418 

sky  135 


sun-rise  ..  135,  144 
sun-set  . . 143,  146 
Reflection  of  heat.  . 199 
in  a mirror  388 
in  water  . . 389 

Reflectors  199 

help  to  roast  ....  2J1 
keep  kitchen  cool  201 
light  colours  . • . • 200 


Reflectors  ( contind .)  ^AG* 


not  absorbers  ....  200 
polished  metal  ..  200 
should  be  clean  . . 197 

„ bright 197 

„ not  be  painted  196 

Refraction  402 

Resinous  electricity  ..  17 

Retina 406 

Reverberation 433 

Rice  for  food  96 

Rings  dangerous  in 

storms 22 

Rivers  slow  at  sides  . . 365 


freeze  unequally  369,  371 
„ never  at  bottom . . 369 
invert  our  image. . . . 390 
not  wholly  frozen  ..  370 


oscillate  365 

shallow  freeze  ....  371 

seem  shallow 404 

warm  when  frozen  ..  371 

Roast  apples 109 

„ soft  ....  109 
chestnuts  ....  10T 
Road  dark  from  a light 

room  382 

Rocks  collect  no  dew. . 217 
broken  by  frost  367 
Rotation  of  earth  affects 

the  air 307 

Room  cooled  ....  165,333 
currents  of  air  in . . 303 

ventilated  333 

vitiated  by  a crowd  268 
warmed  by  fire  . 243 
warmer  than  air  . . 331 

Roses  red  418 

repel  dew 230 

ft  a 4 
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Rosneath,  echo  of  ....  435 

Koss,  Captain 430 

Rotation  of  earth  ....  306 
Rotting  leaves  cold  ..  168 

Rubbing  102 

hands  to  warm  them  J 03 

melts  ice 104 

restores  animation  103 
wood  excites  fire. . 102 
See  friction. 

Ruddiness  248 

Ruins  famed  for  echoes  433 

Rumford  Count 191 

Running  makes  warmth  90 
water  freezes  slowly  370 
makes  rough  ice.  . 371 

oscillates 365 

pure  . 364 

Rush-lights  blown  out  . 80 

Rust  258 

prevented  259 

when  most  common  259 

Rustics  healthy 271 

Ruts  frozen 367 

Safety  in  a Storm 

abroad  . . 20,  21,  22 
best  to  be  wet . . 22 

in  a carriage  . . 20 

armour  ....  21 

bed  21 

houses  ....  21 

iron  beds  ....  21 

near  a tree  . . 20 

Safety  lamp 295 

Sailors  killed  by  carb.  ac.  268 
rarely  catch  cold  165 
Saliva 442 
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St.  Bride’s  church  de- 
stroyed by  lightning  25 

Salt  488 

and  snow  cold  34,  374 
,,  bad  for  washing  361 


crackles  in  a fire. . 46 

dissolves  ice  ....  373 
dissolved  by  water  363 
„ especially  hot  363 
flavours  water  ... . 363 

of  lemons  488 

retards  boiling.. ..  121 

smelling 480 

white  352 

water  boils  slowly  121 
„ bad  for  steamers  264 
„ „ washing  361 

Salts  Epsom  488 

Sand  dazzling 417 

used  for  furnaces  181 

Saturday’s  kettle 207 

Saucepan  best  black. . 206 
new  boils  slowly..  206 
lids  should  be  clean  206 

bright 206 

rattle  119 

Saws  hot  from  use  ....  104 
Sawdust  arrests  sound  431 

Scald  cured 163 

Sclerotic  coat 406 

Scripture  illustrated  ..  181 


218,  .-50 

Scum  of  fermentation  281 
Sea  affects  climate ... . 305 
beach  healthy  early  327 
not  at  night  327 


brackish 364 

breakers 329 
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Sea  ( continued ) 

PAGE 

breeze  

327 

cause  of  

327 

cold 

327 

gives  out  heat .... 

329 

gulls. . 

163 

less  hot  than  land  . 

309 

not  heated  by  sun  . 

309 

rarely  frozen  .... 

372 

„ gives  cold  . . 

165 

salt  

364 

spray  

330 

tides 

330 

vapour  not  salt. . . . 

170 

water  buoyant  .... 

377 

waves  .... 

329 

,,  stationary  .. 

329 

„ no  onward  motion 

329 

winds  

309 

Sedentary  men  not  hungry  92 

Seeds  germinate  ...... 

325 

Seeing  in  a glass  .... 

386 

into  a dark  street. . 

396 

„ light  room.. 

382 

m small  mirrors  . . 

389 

the  same  object  .. 

381 

when  used  to  dark 

383 

Sensation  destroyed  . . 

441 

of  feeling  . . 

441 

of  taste 

441 

September  winds  . . 317,  318 

Sewers  purified  by  lime  290 

Shade  cool  

189 

Shadow  after  looking  at 


sun  424 

in  water 389,  390 

larger  as  the  object 
approaches  a light  397 
Shallow  water  freezes . ..  371 


Shavings  arrest  sound . . 432 

Sheen 417 

Sheep  bleat  before  rain  1*54 
lie  under  hedges  . . 154 
perilled  by  storm . . 19 

Sheet  lightning 6 

Sheets  wet  164 

Shilling  and  basin  ....  404 

Shining  417 

Ships  contain  carb.  acid  268 
hull  seen  first  . . 402 

out  at  sea  402 

the  Hawoody  . . 268 
Shirts,  cotton  warm  ..  190 

linen  cold 190 

Shoes  cold  when  wet. . 164 
hot  when  dusty  ..  201 

Shot  hot 106 

Shower  cools  air 166 


Shutters  dangerous. ...  166 
Sick  rooms, purified  439,  440 
Sicknessfrom  overeating  90 


want  of  exercise  90 
Sides  of  a pond  littered  437 
Sight  affected  by  heat.  382 

far  408 

cause  of  ....  408 
effect  of  ....  409 

remedy 409 

near 407 

cause  of  ....  407 
effect  of  ....  409 

remedy. 407 

Silence  prod,  by  sound  421 

Silk,  raw  warm 191 

spun  cool 191 

Silver  good  conductor  172 
aovers 209 
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Silver  ( continued ) page 

should  not  be  chased  210 

nitrate  of 488 

tarnishes 261 

Simmering 115 

Simple  clouds  137 

Singing  of  a kettle. . , . 116 
produces  hunger  91 
Single  magpie  unlucky  . 159 

Sir  H.  Davy  295 

Size,  distance  lessens  . 399 

of  clouds 132 

Skin,blackneverblisters  198 
scorches  198 
white  blisters  ..  ..  198 

Sky  blue  146 

cleared 322  j 

grey 145 

overcast  321  | 

red  145 

yellow  145 

Slaked  lime 292 

Sleep  elongates  the  body  439 
body  feels  not  in...  441 

dreams  in 441 

ears  hear  not  in  ...  440 

eyes  see  not  in 440 

mind  wills  not  in  . 441 
tongue  tastes  not  in  440 

Sleet 349 

Slit  chesnuts  ........  109 

Smelling  salts 480 

Smells  in  wet  weather  157 
bins  and  sewers  ..  290 

remedy 290 

churchyards 297 

putrefying  bodies. . 284 

eick  rooms 438  1 

remedy . 438  | 
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Smoke 41,  60 

ascends  60 

curls 61 

falls  158 

„ down  a chimney  64 
of  fresh  coals  ....  41 

„ candles  ......  83 

„ lamps 84 

remedy 85 

„ red-hot  coals  ..  41 

„ steam  engines. . 61 

„ „ trails  153 

rises 60 

useful  in  cooking. . 208 

Smoky  chimneys 62 

See  chimney. 

Smoke  jacks  ........  113 

Smouldering  wicks . ...  53 

Snakes  cold  blooded  ..  98 

Snow  349 

and  salt  cold  ..  37,  374 
arrests  sound  ....  429 
bad  conductor. . . . 3 30 

cause  of  349 

contains  heat  ....  34 

falls  in  winter  ....  349 

„ not  in  summer  351 
like  wool  ......  181,  350 

nourishes  the  earth  35/ 

on  mountains 351 

soon  melts  beneath 
a hedge  or  wall  . 214 

use  of 350 

warm  350 

white  351 

Soap  361 

cleansing 362 

hard,  soft 361 
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Soap  ( continued ) pAGK 

yellow 361 

bubbles  415 

„ ascend  ....  365 
„ change  colour  415 
Soapy  water  bubbles  . . 365 

Soda,  muriate  of 488 

water  277 

„ acid  ....  278 

Sodium  264 

decomposes  water  264 

Soft  soap  361 

water  for  washing  . 362 
Soil  affects  climate  ....  305 

Solids  114 

Sonorous  things 426 

bell  metal  427 

copper 426 

iron 426 

musical  instruments  428 

Soot  40 

in  summer  71 

on  ceilings  71 

{See  smoke.) 

Sooty  kettles  193 

Sound 426 


affected  by  frost  . . 430 
„ heat  . . 430 
akin  to  colour  ....  418 
arrested  by  mist ..  431 
,,  wet  ..  429 
diminished  by  rarity  432 
heard  best  by  night  431 
„ in  a frost  430 

through  bent  tubes  403 
inaudible  on  hills  . 432 
loudest  in  dry  air  . 153 

velocity  of. 426 

musical  426 


Sound  ( continued ) *AG* 
prevented  passing  from 

room  to  room 432 

two  produce  silence  421 

Soup  long  cooling  241 

cooled  by  air 254 

Source  of  heat 1 

Sourness,  cause  of 280 

South  wind  rainy. ..321,  337 

warm  320 

west  wind  rainy  ...  322 

Sparks  from  afire 110 

„ flint  100 

,,  horse-shoe  101 

Spectacles  406 

affect  the  eyes 425 

black  425 

blue  424 

clouded  by  a hot  room  222 

for  aged  409 

„ near  sights 407 

Spectrum 425 


Spirits  depressed  ....  151 
before  a storm  257 
cloudy  night...  150 
dull  weather...  151 
mountain  air  ...  256 

exhilarated  151 

by  clear  nights  151 
frosty  air...  154 

spring  154 

Split  bells  427 

Sponge  swells  when  wet  356 
Spontaneous  combus- 
tion 57,  58,  59 

of  forests 104 

Spoons  become  dull  ...  262 
bent  in  water  ...  404 
stained  by  eggs  . 284 
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Spoons  retard  boiling  . . 120 
Speaking  produces  hunger  91 


Spray,  cause  of ....  „*  330 

white 419 

Spring,  best  late  ....  324 

bracing 154 

cracks  the  earth  . . 374 

verdure  • 420 

Spring  water  cool  ....  189 
„ sparkles..  279 


Springs  prevent  freezing  372 
Sprinkling  to  cool  rooms  1 65 
Squint  eyes  see  double  386 


Stagnant  water 364 

full  of  worms  364 
soon  freezes. . 370 

Stale  beer,  &c 286 

eggs  offensive  ....  285 
Stars,  distance  of  ... . 400 

size  of 400 

invisible  by  day  . . 385 

seem  flat 401 

seen  in  a well  ....  385 
seen  on  mountains  394 

twinkle 421 

Starvation  89 


produces  dirtiness  . 96 

,,  laziness ...  92 

„ leanness...  89 


lUdUIJCub*  • • OcS 

Steam 129,  359 

curls 61 

engines  burst  ....  242 

invisible 242 

of  a kettle  242 

„ locomotive  . . 224 
why  visible 119 


what  becomes  of  it  120 


PAGE 


Steel  affected  by  light- 
ning...  31 

and  flint  make  a 

spark  100 

purple 260 

rusts.... 260 

prevented...  260 
Stick  burnt  makes  a circle 

of  light 422 

Stirring  cools  broth,  &c.  254 
Stockings  difficult  to  draw 

on  when  wet. 357 

Stones  broken  by  frost  367 

cold 175 

collect  no  dew 216 

snap  in  fire 110 

unfit  for  fuel  45 

Storms  .. 4 

depress  the  spirits  257 


distance  of  told  ...  9,  11 
follow  dry  weather  28 
places  of  danger  in  12 
„ safety  in  . 20 

prevail  in  summer 
and  autumn ....  28 

rare  in  wet  weather  29 
(See  danger , safety.) 

Stoves  crack  lighted  . . 126 
cooling..  126 

of  bricks 181 

iron  181 

on  a floor 53,  243 

rust 259 

„ most  in  winter  259 
„ not  often  ....  259 
„ prevented....  260 
settings  fall  away. . 126 
warm  a room  ....  243 
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Stratus  clouds 

how  produced . . 
Straw  put  over  bricks  . 
„ trees  .... 

„ waterpipes 

Streets  dark  fr.  a room 
seem  to  meet  . . 

watered  

Striking  iron  makes  heat 
Struggling  in  water  dam 

gerous 

Stucco  peels  off  in  frost 

SuLl images  

Sublimation 

Sudden  light  painful  . . 

Sugar  

anhydrous  

at  top  of  tea  melts 

elements  of 

ferments 

flavours  water  .... 
left  at  the  bottom  of 
a cup  melts  slowly 
makes  alcohol .... 

„ carbonic  acid 
melted  by  water  . . 
„ especially  hot 

of  lead 

retards  boiling. . . . 
stirred  melts  quickly 

white 

Sulphate  of  lime  360, 
magnesia 

soda 

zinc 

Sulphuric  acid 

„ and  water 
Sulphuretted  hydrogen  . 
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Summer — • 

allays  hunger  . »•«  90 

clothes  for  J94 

makes  grease  odious  94 
„ fruit  pleasant  95 

lightning 11 

Sun-beams  full  of  motes  255 

Sun  affects  eyes 424 

dazzles 383 

dulls  fire 50 

hardens  earth  ....  169 
largest  at  horizon  , 395 
not  seen  ii  a well . . 392 

oval 395 

radiates  heat  ....  202 
reflected  in  water. . 393 

seems  flat  401 

source  of  heat. ...  2 

Sun-rise  breezy  326 

red,  cause  of  135,  144 
„ sign  of  wet  146 

Sun-set  grey  146 

red 135,  144 

„ forebodesfine  143 

yellow 143 

„ forebodes  wet  144 
Super-acetate  of  lead..  488 
Sur  Raja  of  Bengal. .. . 269 
Suspended  animation  res- 
tored   103 

Swallows  fly  low 159 

Swan  dry  in  water  ....  230 
Sweet- wort  needs  yeast  283 

Swimmers  sink  378 

Swimming  379 

in  the  sea. . . . 377 
Syphon  explained  ....  256 
Syrup,  boiling  point  of  . 122 
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138 

139 

375 

376 

376 

382 

398 

165 

99 

378 

375 

488 

488 

382 

279 

280 

438 

279 

279 

363 

438 

280 

280 

363 

363 

488 

121 

438 

352 

488 

488 

488 

488 

488 

32 

284 
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Table  salt  

Tainted  meat  cured  72, 
,,in  moonlight 
water  purified 

Tallow  

wicks,  why  of  cotton  . 
why  not  like  wax  wicks 
See  candles. 

Tarnish 

of  copper 

German  silver 

lead 

silver  ....... 

zinc 

Tartar  emetic 

Tartrate  of  potash  .... 
Tarts  have  a cup  inside 

full  of  juice 

Taste  

Tea  cooled  by  blowing . 
„ by  stirring  . 

„ in  a saucer. 

green,  deleterious 
„ poison  for  flies 
Tea-pot,  black  earth  . . 
preferred  by  some 
set  on  a hob  .... 
bright  metal  .... 
„ tarnishes 
Tea-spoons  tarnished  . 
» by  eggs 

Telescopes  

Temperature  varies. . 
from  forests. . . . 
„ land  .... 
„ mountains 
i,  sea  .*•*.. 
**  soil 


♦ 
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Temperature  from  trees  167 

Tempest 4 

affects  weather  344 
(See  storms) 

Thaumatrope  ........  423 

invented  by  Dr.  Paris  423 
Thaw  affects  barometer  338 

cold 373 

dulls  fire 52 

Theatre  dangerous  ....  19 

Thermometer 334 

differs  from  a 
barometer..  334 
rises  from  heat  127 


Thick  clothing  unhealthy  170 
Thread  gloves  cool....  196 
why  white  419 


Thunder  8 

after  lightning. ...  IX 

bolts  (see fulgurites)  1 1 
deep  growl  ......  9 

distance  of,  told. . 9,  11 
effect  on  weather..  344 
followed  by  rain  . . 10 

„ wind  . . 10 

inaudible  11 

irregular  roar  ....  8 

one  crash 8 

rolling 10 

(See  danger , safely , storm.) 
Thunder-storms,  cause  of  4 

Tides  330 

cause  of  330 

two  daily 330 

Tigers  prowl  by  night  384 
see  in  the  dark. . 384 
sleep  all  day ... . 384 
Tiles  broken  by  frost..  367 
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488 

439 

226 

73 

75 

83 

83 

261 

261 

262 

261 

262 

261 

488 

488 

123 

124 

442 

186 

254 

169 

439 

439 

205 

205 

205 

204 

262 

261 

284 

402 

304 

167 

305 

305 

305 

305 
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Timber  charred 74 

Tin- blowers  70 


foot-warmers  ....  179 
„ covered  180 
good  conductor  . . 172 
meatcovers,polishd.  209 
plate-warmer  ....  196 

reflectors 201 

tarnish  of 261 

(See  reflectors.) 

Tinder  blown 101 

Toast  and  water 73 

dry  for  the  sick  . 73 

Tomb  stones  frosted  . . 197 

Tongs  rust 260 

prevented..  260 
Tools  hot  from  use. . . . 104 

Trade  winds 311 

Atlantic  314 

Indian  ocean  314,  316 
Monsoons  ....  315 
North-east  ....  311 

Pacific 314 

South-east  ....  311 
Trailing  smoke  bodes  rain  1 53 

Transparency  416 

non-transparency  416 

Treble 419,  429 

its  vibration  ...  429 
Trees  barked  by  a flash  29 

collect  dew  211 

covered  with  bass  213 
discharge  lightning  12 
look  distant  in  fog  155 
not  frost-bitten...  236 
promote  warmth  . 167 

purify  air 272 

shade  of,  cool  ...  189 


Trefoil  forebodes  rain. . 

157 

Tremulous  appearance 

after  rain 

156 

Tube  of  barometer .... 

335 

Tubs  dried  up 

168 

Tumblers  ( see  glasses) 

Twilight,  evening. . . . 

136 

morning  . . 

136 

T winkling  of  stars  .... 

421 

Two  eyes 

385 

„ see  single. .. . 

386 

„ use  of 

385 

fires  smoke 

65 

„ remedy 

66 

Unslit  chestnuts 

107 

Use  of  barometers  .... 

335 

clouds 

142 

smoke  in  cooking  208 

snow 

350 

Valley  chimneys  smoke  67 

of  death 

270 

Vaporization  

130 

Vapour  a conductor  .. 

19 

differs  from  gas 

114 

forms  fog  .... 

234 

„ cloud  . . 

234 

of  a carriage  . . 

220 

a room  .... 

219 

sea  not  salt. . 

170 

Varnish  to  prevent  rust 

260 

Vats  fatal 

274 

Vegetables  eatcarb.  ac.  251 

agreeable  in  summer 

95 

collect  dew  

215 

cool  the  blood 

95 

defiend  on  animals  ... 

252 
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Velocity  of  clouds  ..  331 
light ....  381 
lightning  12 
sound  . . 434 
thunder  . 21 

wind. ...  331 


Vent  peg 286 

Ventilation 333 

sought  by  rich ....  97 

not  by  poor  . . 97 

Verdigris 488 

Vertical  sun 306 

Vestry  chimneys  smoke  66 

Vinegar  distilled 488 

Violet  blue 418 

colour,  cause  of.  424 

Violins  musical  428 

Vitieous  electricity. ..  .4,  16 

Vitriol,  oil  of  488 

white  488 

Walls  to  arrest  sound  432 
wet  in  winter  . . 223 
„ in  a thaw  . . 223 
Want  connected  with  dirt  96 

Warm  clothes 195 

colours 195 

some  things  more 
than  others..  171 
Warmth  from  draining  167 

trees... 167 

clearing  forests  167 
cultivation  ..  167 

Warming  rooms 243 

Wash  hand  basin  ....  177 
Washing, goodforhealth  96 
water  for 290 


t|  should  not  be  hard  360 


PAGE 


Watches  dangerous  in 

lightning 21 

Water 359 

acidulated  276 

aerated 277 

and  lime 32 

and  sulphuric  acid  32 
ashes  soften. .... . 362 

bad  conductor  178,  240 

boiling 239 

„ bubbles  ....  117 
„ rattles  ....  119 
„ runs  over  ..  118 

„ sings 116 

„ swells 117 

carbonic  acid  of  . . 291 
cleans  dirty  linen  . 362 

cold 177 

„ contains  heat . 33 

converted  to  steam  129 

cools  slowly 231 

decomposed 264 

deep  freezes  slowly  372 
dried  up  in  summer  168 

elastic 245 

expands  by  frost. . 369 
„ heat  . . 368 
extinguishes  fire  55, 1 1 1 


„ not  always,  55,  56 
flat  when  boiled  . . 288 
flavoured  by  salt . . 363 
„ sugar  363 

flowing,  pure  ....  364 

fluid 359 

for  sick  room  ....  73 

washing 290,  360 

freezes  at  surface...  370 
„ unequally...  371 
fresh,  sparkles 291 
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frozen 366 

„ by  ether....  376 
„ evaporation  376 
„ air  pump..  376 

fuel 55 

furr  of 264 

hard 360 

agreeable  to  drink  291 
unfit  for  washing  360 

heated  239 

heavier  than  ice  . . 366 

hot,  scalds 183 

how  preserved  cool  199 
„ „ hot  199,209 

increases  fire  55 

inverts  images 389 

kept  hot  209,  241 

„ cool 199,209 

melts  sugar,  salt,  &c.  363 
especially  hct  363 

mineral  360 

mixed  with  salt  . . 363 
boils  slower. . 122 
needful  for  frmntn.  285 
not  heated  above 


boiling 240 

not  heated  like  land  309 

oscillates 365 

pump,  agreeable  . . 291 

,,  hard  360 

sparkles  291 

purified  73 

purifies  bins,  &c.  290 

putrefies  364 

rain,  not  salt  364 

„ smells  offensly.  363 
„ soft 362 


reflects  sun  by  a spot  393 
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rises  in  a pump  . . 255 
running,  keeps  pure  364 
„ freezes  slowly  370 
„ „ rough  371 
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scalds  185 
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simmers 115 

slackens  flame  . . 56 

soapy,  bubbles  . . 365 

soft 291 

„ best  for  washing  362 
softened  by  ashes  362 
sparkles  ....  279,  291 

spring  cool 189 

„ seldom  freezes  372 

stagnant « 364 

„ full  of  worms  364 

stale 288 

swells  with  boiling  117 
toast  and,  use  of  73 
warm  when  frozen  37  4 
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out soap 365 

(See  rain,  ice.) 
Water-pipes  burst  by 

frost 369 

covered  with  straw  376 
Watering  plants  by  saucer436 

rooms 165 

streets 165 

wheels 169 

Waves 329 

cause  of  breakers  329 
spray....  330 


486 


INDEX, 


PAGE 


Wax  75 

candles  not  snuffed  83 
Weather  affected  by 

tempests 343 

weight  of  air  . . 334 

glass  336 

prognostics  of . . . . 140 
„ fr.  animals  154,  155 
clouds  ..  138,  141 

flowers  157 

rainoow 146 

sky  146 

sunrise 146 

sun-set  . . 143,  146 

rules  for 337 

sudden  change  brings 

rain 344 

told  by  barometer  334 

toys  357 

WELL-sinkers  use  lime  267 
stars  seen  in  ....  392 
sun  not  seen  in  . . 392 
West  wind  promotes  dew  225 

rainy  321 

Wet  clothes  give  cold  164 
,,  safe  in  a storm  22 
feet  dangerous. ...  164 

finger  cold  163 

indications  of . . 145, 149 

kindling 45 

night  oppressive. . 150 
rat  safe  in  lightning  22 

sheets  164 

signs  of  ....  145,  146 
summer  brings  cold  166 

wails  223 

weather  painful  145, 150 
Wettest  months  ......  346 
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Wheels  catch  fire. . 5 103 

greased  103 

kept  cool  by  water  169 
Wheel-ruts  frozen  ....  367 

Wheelwright  125 

White  416 

blisters  198 

body  linen  194 

bones  420 

cloth  cold  194 

clouds 419 


crust  on  clothes  ..  170 
colour,  cause  of  . . 419 
dresses  for  summer  194 


„ not  for  winter  194 

fat  419 

froth 419 

lily  419 

lime  419 

mist  150 

salt 352 

snow  351 

spray  419 

sugar  352 

thread 419 

vitriol  488 

Wicks  cotton,  snuffed  83 
not  of  wax  light  83 

gas  of 294 

long,  have  a nob. . 82 

not  upright 82 

Palmer’s  not  snuffed  82 
rekindled  quickly  53,  56 

smoke 84 

See  candles. 

Will  o’  the  wisp 298 

Wind  300 

affects  barometer. . 337 
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Wind  ( continued ) PAGE 

„ clouds  ....  134 
after  lightning  ..  10 

altered  by  clouds  310 
„ electricity  136 

„ mountains  308 

,,  seas  ....  309 


f,  iUliUJUii  UJl 

earth  . . 

306 

brings  clouds  .... 

142 

„ dry .... 

322 

„ rain  

322 

cause  of  

300 

chimneys  smoke  fr(  m70 

changes  clouds  131. 

, 134 

cold  ..  176,  187,320 

dispels  clouds  134, 

143 

u fog 

235 

draws  up  fire  .... 

52 

dries  linen  ...... 

333 

effects  on  air  .... 

301 

„ „ barometer  336 

feels  hot  sometimes  187 

generally  cold  187 

in  England 

317 

increases  clouds  . . 

134 

near  mountains  . . 

308 

of  a morning  .... 

326 

evening  .... 

326 

prevents  dew  .... 

214 

regular 

310 

varies  

308 

velocity  of  

331 

varies  .... 

305 

See  England , monsoon,  north , 

south,  west,  dtc.  trade  winds, 

breeze , &$c. 

Winding  passages  echo  432 
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Windows  blaze  with  sun  390 

not  at  noon 393 

draught  of 330 

covered  with  frost  221 
,,  „ mist  219 

carriage  dull  ....  220 

rattle  435 

Wine  glasses  (See  glass ) 


Wine,  fermentation  of  249 
made  without  yeast  285 
sour  cause  of  ....  280 
Winteb  clothing..  182,  194 

cold 166 

promotes  hunger  93 
Wisdom  of  God 

See  God's  goodness . 
Wood  ashes  soften  wattr  362 

burns  42 

„ spontaneously  56 
charred  ........  74 

hot  at  one  end,  cold 
at  the  other. . . . 171 

ignited  by  friction  102 

kindling 42,  43 

„ dry 45 

„ wet 45 

made  incombustible  46 
sends  forth  sparks  110 

snaps  108 

will  not  melt  ....  130 

Wrooden  handles 173 

Woodpeckers  cry  before 

rain 155 

Wool  bad  conductor. . 172 
collects  no  dew  ..  216 


warm  182,  350 

Woollen  clothing. .. . 182 
kettle  holders  173 
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Work  produces  hunger  90 
Wound  brings  blood  .•  83 

Yeast 282 

makes  light  bread  288 

wort . 283 

not  used  in  wine  . . 284 
used  in  brewing  ..  282 

Yellow  colour  419 

cause  of  . . 419,  424 
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Yellow  flame  luminous  48 


medium  tone  ..  419 
sky  sign  of  rain  145 

soap 361 

sun- set  cause  of  143 
„ sign  of  wet  144 

Zig-zag  lightning  ....  5 

Zinc  a conductor  ....  172 
tarnish  of 261 


GLOSSARY. 


Acetic  Acid  called  Distilled  Vinegar* 
Citric  „ „ Juice  of  Lemonsf 

Nitrous  „ „ Aqua  Fortis 

Oxalic  „ „ Sfdt  of  Lemons* 

Sulphuric  „ „ Oil  of  Vitriol 

Sulph.cf  Alumina  „ Alum 

„ Lime  „ Plaster  of  Paris 
„ Iron  „ Green  Copperas 
„ Copper,,  Blue  Vitriol 
„ Magnesia  Epsom  Salts 
„ Soda  ,.  Glauber  Salts 


Sulpk.  of  Zinc  called  White  Vitriol 
Nitrate  of  Fot ash  „ Saltpetre 

„ Silver  „ Lunar  Caustic 

Prussiate  of  Fotask  „ Prussian  Blue 

Tartrate  oj  lJotash  „ Rochelle  Sait  • 
Acetate  of  Copper  „ Verdigris 

Muriate  of  Soda  „ Table  Salt 

Oxide  of  Lead  „ Gou>ard 

Car b.  of  Ammonia  „ Smeiling  Salta 

,,  Lime  „ Chalk,  Marble,  &c 
Sup.  acet.  of  Lead,,  Sugar  of  Lead. 


Sublimates  are  chemical  preparations,  the  basis  of  which  is  generally  quick- 
silver In  cork  os  iv  e sublimatis,  the  quicksilver  is  extinguished,  either  by 
vitriol,  potter’s  clay,  or  some  other  ingredient.  Bensoic  acid  is  a sublimate 
without  quicksilver. 

Sublimation  is  a similar  process  to  distillation;  only  solids  (such  as  metals 
are  employed,  instead  of  liquids. 

A. B — It  may  be  profitable  to  remind  the  pupil  that  when  the  termination 

ous”  is  used,  it  implies  that  the  substance  has  less  oxygen  than  when  the 
termination  “ ic  J is  added— thus  sulphurous  acid  contains  less  oxygen  than 
sulphuric  acid,  &c. 

* Distilled  vinegar  is  an  impure  or  diluted  acetic  acid. 

t Citric  acid  is  a rather  crystalline  substance,  prepared  from  the  juice  ol 
lemons. 

t Salt  of  lemons  is  really  a bin-oxalite  of  potassa,  a compound  of  two  equiva 
e»ts  of  oxalic  acid  and  one  of  potassa. 
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Easy  French  Poetry;  Lyriques  Frangais  : pour  la 

Jeunesse.  is. 

Lessons  in  French  Parsing  and  Dictation  : con- 
taining a Synopsis  of  French  Grammar,  Models  for  Parsing,  &c. 
By  J.  N.  Vlieland.  2s. 

The  Stepping-Stone  to  the  Translation  of 

Conversational  French  into  English.  By  J.  N.  Vlieland. 
is.  6d. 

Vlieland’s  French  Grammar  and  Exercises. 

Thick  i2mo,  half-bound,  5s.  KEY  to  the  Exercises,  i2mo,  cloth,  3s. 

Vlieland’s  le  Petit  Manuel  Francais  ; or,  First 

Steps  to  French  Made  Easy.  A Grammar,  Vocabulary,  and  Phrase 
Book.  i6mo,  half-bound,  2s.  6d. 

Vlieland’s  First  French  Reader;  or,  Legons 

Fran9aises.  A Series  of  Progressive  Lessons  for  Translation.  i2mo, 
cloth,  2s,  6d. 

Vlieland’s  French  Chit-Chat;  or,  New  Method 

of  Learning  to  Speak  the  French  Language  with  Fluency.  i.2mo, 
cloth,  2S.  6d. 

Vlieland’s  French  Speaking  Teacher  ; or,  Viva 

Voce  Practice  in  French  Conversation,  nmo,  cloth,  2s.  6d.  The 
KEY,  2s.  6d. 

Vlieland’s  la  Glaneur  Francais;  or,  Elegant 

Varieties  in  French  Literature.  With  Notes,  &c.  i2mo,  cloth,  3s. ; 
stiff  cover,  2s. 

Vlieland’s  French  Student’s  Multum  in  Parvo; 

or,  French  Genders  made  Easy.  i8mo,  sewed,  6d. 

Vlieland’s  Italian  Grammar  ; an  Easy  and  Sim- 
plified Method  of  Acquiring  the  Theory  and  Practice  of  the  Italian 
Language.  Cloth,  4s.  6d. 

Vlieland’s  First  Italian  Reader.  i2mo,  2s.  6d. 
Elementary  Latin  Exercises  ; adapted  to  the  Eton 

and  other  Latin  Grammars.  By  W.  Brooke.  New  Edition,  Em- 
bossed cloth,  is. 

King.  A Latin  Vocabulary  ; Etymologically  and 

Mnemonically  Arranged  n*>  Arthur  J.  King.  i2mo,  cloth,  2s.  6d. 


JARROLDS’ 

“LEARNING  TO  WRITE” 

COPY-BOOKS. 

These  Copy-Books  possess  many  points  of  practical  excellence  not 
to  be  found  in  any  other  series.  They  are  also  well  arranged  for 
Teaching,  and  will  be  found  amongst  the  Cheapest  yet  produced. 

In  Foolscap  and  Post.  In  the  Post  Edition , the  Head  Lines  are 
in  Black  Ink , with  Blue  Ruling  and  Division  Lines. 

No.  5 

1.  Text  Hand — Elementary.  Strokes,  Easy  Letters,  & Words. 
1J.  Text  and  Round  Hands — Elementary.  Strokes,  Easy 

Letters,  and  Words. 

2.  Text  Hand — Elementary.  Easy  Words,  without  Long 

Letters. 

2£  Text  and  Round  Hands— Elementary.  Letters  and  Easy 
Words.  Without  Long  Letters. 

3.  Text  Hand — Elementary.  Easy  Words,  with  LongLetters. 
3£.  Text  & Small  Hands.  Easy  Words,  Sentences,  Figures,  &c. 

4.  Text  & Round  Hands.  Easy  Proper  Names,  with  Capitals. 
4|.  Three  Hands.  With  Capitals. 

5.  Text  Hand.  Arithmetical  Facts. 

G.  Round  Hand.  Geographical  Facts. 

7.  Small  Hand.  Rules  of  Grammar. 

8.  Round  and  Small  Hands.  Geographical  Facts  and  Rules 

of  Grammar. 

9.  Three  Hands.  Arithmetical  Facts,  Geographical  Facts, 

and  Rules  of  Grammar. 

10.  Small  Hand.  Scripture  History. 

11.  Commercial  Figure  Practice.  Sums  in  Simple  and  Com- 

pound Addition,  Subtraction,  Multiplication,  & Division. 

12.  Commercial  Running  Hand.  Ledger  Headings,  &c. 

13.  Bills  of  Parcels,  Receipts,  &c. 

14.  Girls’  Running  Hand.  Slightly  Angular. 

15.  Ditto.  Poetry  of  the  Months.  Slightly  Angular. 

Foolscap  Edition , 2d.  each.  Post  Edition , 3 d.  each. 

LONDON:  JARROLD  & SONS,  3,  PATERNOSTER  BUILDINGS. 


PAENELL’S 

NEW  SERIES  OF  COPY-BOOKS, 

These  Books,  now  in  use  in  large  Public  and  Private  Schools,  in 
all  parts  of  the  kingdom,  invariably  ensure  good  hand-writing  in 
one  half  the  time  usually  expended  in  attempts  (often  unsuccessful) 
to  acquire  this  useful  art. 

Every  exemplar  copy  is  based  upon  a well-considered  and  perfect 
system,  giving  freedom  in  handling  the  pen,  and  securing  beauti- 
fully-formed letters. 

Small  Post  Uo,  3d.  each  ; or  on  superior  cream-wove 
paper,  handsome  covers,  Qd.  each. 

the  initiating  copy-books. 

Nos.  1,  1J,  and  2. 

THE  REPETITION  AND  RHYMING  COPY-BOOKS. 

Text,  Round,  and  Small,  with  Figures.  Nos.  3 and  4. 

THE  GEOGRAPHICAL,  GRAMMATICAL,  & ARITH- 
METICAL COPY-BOOKS. 

Nos.  5,  6,  13,  and  14. 

TIIE  COMMERCIAL  COPY-BOOKS. 

Invoices,  Receipts,  Bills  of  Parcels,  Promissory  Notes,  and 
business  letters.  Nos.  7 and  8. 

THE  SCRIPTURE  COPY-BOOK. 

The  Current-Hand.  No.  12. 

THE  LADIES’  RUNNING-HAND  COPY-BOOKS. 

Initiatory  Practice,  Astronomical  Copies,  Poetry,  &e. 

Nos.  9,  10,  and  11. 

THE  COMMERCIAL  RUNNING-HAND  COPY-BOOK, 

Or  Rapid  Writer.  No.  16. 

A beautiful  business  hand.  Price  Sixpence. 

PARNELL’S  ORIGINAL  GRADATION  COPY-BOOKS; 

Nos.  1 to  6,  3d.  each. 

Beginning,  Advancing,  and  Completing ; Emendative  also 
of  the  most  imperfect  style , in  youth  or  adult. 


London : Jarrold  & Sons,  12,  Paternoster  Kow, 


BOOKS  FOE  TIE  HOUSEHOLD 

AND  FOR  PRESENTS. 

Handsomely  bound  in  cloth,  Frontispiece  in  COLOURS 
by  Dickes.  One  Shilling  and  Sixpence  each. 

Starting  in  Life,  and  other  Tales.  For  Boys 
and  Girls. 

Flow  to  Rise  in  the  World,  and  other  Tales. 
For  Young  Men. 

The  Happy  Life,  and  other  Tales.  For  Young 
Women. 

Marriage  Bells,  and  other  Tales.  For  Young 
Men  and  Women. 

Mother’s  Trials  and  Triumphs,  and  other  Tales. 
For  Fathers  and  Mothers. 

When  to  Say  “No!”  and  other  Tales.  For 
Workers  and  Thinkers. 

Home  Happiness,  and  other  Tales. 

The  Poetry  of  Home  and  School  Life. 

Tales  in  Rhyme. 

Popular  Readings. 

Home,  Sweet  Home ! and  other  Tales. 

The  Pathway  of  Health. 

The  True  Briton,  and  other  Tales. 

Twelve  Books  in  Box , with  Glass  Front , including 
Lending  Library  Catalogue,  for  One  Guinea.  Should 
be  in  every  Family.  An  ad7nirable  present  to  a 
Minister  or  District  Visitor. 

figf-  The  ORIGINAL  EDITION,  at  One  Shilling  per 
Volume,  may  still  be  obtained. 

JARROLD  & SONS,  12,  PATERNOSTER  ROW,  LONDON. 


, 


